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* IABSTRACT

" --.•2 The unimoment method is applied to solve the electromagnetic

scattering by a buried dielectric finite cylinder simulating a land

mine. Computed results are reported at frequencies from 400 MHz to

1400 MHz at 100 MHz intervals. The dielectric constants of the

ground are considered to be dispersive which simulates soil with

5%, 10% and 20% water content. Results are computed for the scat-

"tered electric and magnetic fields which are presented in terms of

the cylindrical components of Y and mu at a distance of 1" to

4" above the ground at 1" intervals. The numerical results are
computed along the positive x-axis for each azimuthal mode. The

fields at points on the positive x-axis may be obtained by summing

the modal fields directly. Fields at points other than the positive

x-axis may be obtained by summing the modal fields mutiplied by the

proper azimuthal function, 4 .. Sample results are given in the

report and the complete data are stored on magnetic tape. This

,o, report includes documentation for the tapes. s
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I. INTRODUCTION

."*.* " Land mines made of plastic or other dielectric material have caused
many casualties during recent conflicts. They are continuously causing
more casualties many years after the conflicts, because these mines
are difficult to detect and complete clearing of such mines is almost
impossible. One of the reasons that an effective detection system for
dielectric land mines has not yet been developed is the lack of theoretical
data for the electromagnetic scattering by buried dielectric bodies.

In order to generate data usable for the design of mine detection

systems, this investigation has successfully applied tne unimoment
0 method [1] to compute scattering by a buried dielectric finite cylinder

which simulates a dielectric land mine. The computation uses the
Finite Element Method (FEM) to treat the boundary conditions of the
mine. The solution of FEM is terminated at a mathematical sphere

"by a set of analytical expansions which satisfy the continuity conditions

of the tangential components of E and H fields on the air-ground
interface. Owing to the versatility of the FEM in matching the mine

'-*' surface and the fast convergence of the analytical expansions, we are
able to compute the scattering by the buried dielectric land mines

efficiently.

This report provides the computational results for eleven different
frequencies: 400 HMz to 1400 MHz at 100 MHz interval. Five different

"incident angles, each with two different polarizations, are considered
for the incident plane wave. Field components are calculated on the

if .-. horizontal planes at four different altitude levels, i.e., 1"-4" above

ground at 1" interval. The dielectric constants are assumed to be

dispersive using the formulas offered by Von Hippel, simulating silt
loam with 5%, 10% and 20% water.

Results are computed for the p, @, z components of both
scattered electric and magnetic fields for each azimuthal mode on
the positive x-axis at I cm intervals up to 15 cms. The total scattered
fields on the positive x-axis can be obtained by directly summing the
modal components. The scattered fields at locations other than the
positive x-axis may be obtained by summing the modal fields multiplied

i if



i: ! by the corresponding ejmý factor. Therefore, we are able to obtain

2-diimensional data from a one dimensional data set, which results in
Ssavings in data handling.

Due to the massive amount of data involved, it is not feasible to

present all of them graphically. The data is stored in magnetic tapes.

This report also contains documentation for the tapes so that a

specific data set can be conveniently fetched.

"Examples are given of how to use the data to compute the total
and scattered electric and magnetic fields. Typical data sets of

azimuthal coefficients are given in Chapter VIII. Appendix I gives

examples of using the data to calculate the scattered and total fields.

Appendix II gives a listing of program PCOEF, which is to be used toIi•
read selected portions of the data from the magnetic tapes. Appendix

III gives a table of the various symbols used in this report and their

meanings.

R
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"II. TVI UNIMOMENT METHOD

"Ie unimoment method was first published in 1974 [1] to
.§neralize the moment method for the radiation and scattering problems
involving material bodies. It was then applied to the inhomogeneously
loaded biconical a;';'ennas [2], the scattering by twu dimensional
dielectric cylinders [3], and by axially symmetric dielectrical bodies

,:: [4, 5). Recent discovery of the generalizations of Sommerfeld integrals
and a new type of field expansions in two medium half spaces [6] have made
possible the extension of the method to the electromagnetic scattering
"by bir'ied dVelectric land mines [7].

The basic idea of the unimoment method is to combine the Finite
Element Method (FEM) with the analytic solutions so that the maximum
advantages are obtained from both. The analytic solutions are usually
expressed in terms of truncated series expansions. Although analytic

-' expansions usually represent the fields of a vast region in space,
they are only •pplicable to simply shaped objects such as spheres. The
FEM has been noted for its flexibility in fitting boudaries with
general shapes. For scattering problems which involve an infinite -
space, it is impractical to use the FEM for the entire space. To
minimize the number of unknowns, the FEM is terminated at two spheres;
one encloses the entire mine, and the other is imbedded in the mine.
Spherical vector wave expansions represent the fields in the interior
"of the sphere inside the mine. In the exterior of the outer sphere,
complications of the analytic expansiuns occur due to the presence of
the air-ground interface. The computation in this report has employed
a special type of vector wave expansion incorporated with the generalized
Sommerfeld integrals to satisfy the air-ground boundary conditions.
The coefficients of the analytical expansions are obtained by enforcing
the continuity conditons on the spheres. The scattered fields can then
be calculated from the coefficients and the modal fields.

L •We shall now briefly describe the procedures of the unimoment
method in the following steps:

":0I



(1) Draw a mathematical sphere S1I to enclose the entire land mine

as shown in Figure 1.

The sphere mathematically separates the space into two parts.

"The interior of the sphere (Region III) contains the land mine. The

"exterior of the sphere (Regions I and II) involves the lossy ground

-. and the air. For efficiency and convenience, the sphere should be as

small as possible to reduce the FEM calculation, and large enough to
S1enclose the entire mine.

* (2) Draw a supplemental mathematical sphere S2  in the interior of

the land mine as shown in Figure 2.

"The supplemental sphere is drawn to reduce the region of FEM

further. The sphere S2 mathematically separates the region inside

S1  into two parts. Region IV is the interior of S2 and Region III

is the area between spheres S1  and S2 . For efficiency and convenience

S should be as large as possible but small enough to be completely

inside the mina.

(3) Solve the Maxwell's equations for Region III between Sl and S2
using FEM.

The original Maxwell's equations has six vector components in 3-
dimensions. Because of axial symmetry of the geometry, it is possible

* to reduce the six unknowns to two coupled azimuthal potentials

k 0 PE@ and 2 = kopH for each azimuthal Fourier series mode

w with ejm# variations. All other components of E and H fields
can be directly obtained from these potentials. The potentials

satisfy two coupled differential equations in Region III including

the boundary of the mine.

By using the Fourier series of ejmý and the coupled azimuthal

potentials we are able to reduce the original three dimensional problem

into many much smaller two dimensional problems. The amount of computer

time can thus be greatly reduced.

V •The differential equations are then changed to their corresponding

variational integrals. The functions of the potentials which
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F Figure 2. Minimization of FEM region III by a
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render stationary the variational integral are also the solutions of the
differential equations. The basic idea of FEM is to approximate the

* = potentials by piecewise polynomials so that the variational integrals
can be evaluated analytically.

In the FEM, we first divide the entire Region III into many

"small trianglar elements such as those shown in Figure 3. The
triangles conform with the surfaces of the mine, the inner sphere,
and the outer sphere. The elements inside the mine have relative

dielectric constant Em = 2.89 and those outside the mine have ce.

The subscripts m and e denote mine and earth respectively.

The potentials in each triangle are then represented by inter-

'4. -•i polating polynomials passing through each nodal value. The variational
3 •integral is obtained by summing up the element integrations over

all elements in Region III. The variational formulation is stationary

if its differentiation with respect to nodal values is zero. This
leads to a set of linear equations which can be used to solve for

the fields in Region III. The matrix involved in these equations is
a banded sparse matrix which can be solved efficiently by a special

sparse matrix algorithm.

Since the boundary values on the spheres are not specified, the
solutions of Region III are in general not unique. 'In fact they result
in a set of linearly independent solutions.
(4) Expand the field in Region IV inside the sphere S2 by using the

conventional spherical vector waves.
1he field in Region IV is expanded analytically by the conventional

spherical vector waves. Since the origin of the coordinate is included

in this region, only the spherical Bessel functions of the first kind

Jn(kr) is required as the radial functions
(5) Represent the field in Region I and I1 outside the sphere S, by

mutipole expansions which satisfy the air-ground boundary conditions.
The fields in Regions I and II are decomposed into incident and

scattered fields. The scattered fields in Region II (the --th) are

further decomposed into direct and secondary waves.

-7-
. . . .. . .**. .
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The direct field is represented in terms of multipole expansions

as if the scatterer is in an infinite medium. The secondary fields are

represented in generalized Sommerfeld's integrals. The sum of the

Si.direct and secondary fields satisfies the air-ground interface boundary

conditions. The rectilinear spherical vector waves, in which the rec-

S- tangular vectors and the spherical harmonics are combined, form the vector

potentials. This type of combination was introduced to reduce the com-

"plexities in enforcing both the spherical and planar boundary conditions

on the mathematical sphere and on the earth surface. Supplemental terms

using horizontal rotating multipoles have been discovered and added to
" ?the direct field expansions to speed up the convergence [6].

The direct fields are then transformed into cylindrical harmonics

by using the Fourier-Bessel integ'rals which replace the spherical-Hankel-

Lengendre functions. By enforcing the continuity conditions of the
**. ,,! tangential E and H fields on the air-ground interface, the secondary

fields in Region II and the scattered field in Region I are found to be

in the form of "Generalized Sommerfeld integrals" [6]. The expansions

"with the generalized Sommerfeld integrals satisfy the air-grcund boundary

condition term-by-term.

The analysis has thus yielded a converging multipole expansion tech-

*, Inique for the fields in two-medium half spaces. The same set of expansion

coefficients are used in both Regions I and II.

(6) Solve the expansion coefficients by enfor..i.'g the continuity

conditions on both the outer sphere S1 and the inner sphere
S 2•

The three sets of solutions in Regions II, III, and IV are

solved individually by the previously described methods. We then
"couple all the solutions on the mathematical spheres S, and S2

~ •by using the continuity conditions of tangential electric and magnetic
fields. The incident waves are the driving fields for the calculations.

"(7) Calculate scattered fields in Region I (the air) by using the

coefficients and modal fields.

1 The final step of the unimoment method is to generate the

required scattered electromagnetic fields by a buried land mine.

The fields on planes parallel to the ground at different heights

above the ground are calculated.

L7 -9-
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u• III. GROUND PARAMETERS

In an earlier computation, [8], the relative dielectric constant

of the ground was assumed to be constant at e = 9-j7 for all frequencies.

This unrealistic assumption has been corrected in this report. The complex

dielectric permittivities are now considered to be functions of frequencies

as given by Falls and Mittleman [10].

In this report, we consider three types of soil conditions, i.e.,

silt loam with 5%, 10% and 20% water. The real part of er and the

attenuation parameter, ct , for the soil are given in Table I.

The conversion from er and a to er and ci (real and

imaginary part of E is, (eq. 3.38 in ref. [9]),

2a 2X2X 2 1_1/2
tan 0 = i/•r = j[ ) + 1]2 ()-,.(27r 2E

IR "The real and imaginary part of e which are used in the computations
e

for this report are tabulated in Table II. In equation (1), tan 6

"is called the loss tangent and X0  is the free space wavelength.

-%,
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TABLE I

DIELECTRIC CONSTANTS [SILT LOAM]

Frequency 5% Water 10% Water 20% Water

a a
(Mega Hertz] Ndb/meter] £r [db/meter) er [db/meter] r

400 15.5 5.2 27.0 7.8 30.0 17.6

500 19.0 5.1 33.0 7.6 34.0 17.0

600 20.2 5.0 35.0 7.6 37.5 16.8

700 22.0 4.9 38.0 7.7 40.5 16.6

800 23.8 4.8 40.5 7.8 43.5 .16.4

900 25.5 4.8 43.0 7.8 46.5 16.2

1000 27.0 4.7 45.5 7.8 49.2 16.0

1100 29.2 4.6 48.0 7.8 52.0 15.9

1200 31.8 4.6 50.7 7.7 54.9 15.8

1300 34.0 4.5 53.0 7.6 57.5 15.7

1400 36.5 4.5 56.0 7.6 60.2 15.6

..11-
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IV. NUMERICAL RESULTS

Using the unimoment method described in Chapter II, this investigation

has successfully computed the scattering of electromagnetic waves from a

* i buried object which is electrically very similar to an antipersonnel

dielectric land mine. The geometrical configuration of the proposed

computation is shown in Figure 4. The buried target is a finite cylinder

which is 5.5 cm high and 11.2 cm in diameter. The dimensions approximate

those of an antipersonnel land mine. The relative dielectric constant

of the target is sr = 2.89, which is that of TNT. The relative dielectric

constant of the ground ce as functions of frequency are given in Tables

I and II. The top edge of the mine is buried 4.1 cm under the surface

of the ground. This configuration is believed to be close to the actual

situation.
The caterig cnfiuraioninvolves plane waves incident at

Theh scaternguonfgurtio
0. Q0,300 45 60,Q0, 750 with respect to the z-axis.Thfrqecs

considered are at 400 MHz to 1400 MHz at 100 MHz interval. The scattered

electric fields are computed on the planes parallel to the ground at

z =1" (2.5 cm), 2" (5.08 cm), 3" (7.62 cm), and 4" (10.16 cm).

The x and z: axes are defined so that the x-z plane is the

plane of incidence. The plane of incidence is defined to be the plane
which contains the propagation vector T~ . Two different kinds of
polarizations are considered for each incident angle. They are
in the x-z plane (or H-Y incidence) and W' in the x-z plane

(or E-Y incidence). Owing to their basic differences in refraction

i4 
I

and scattering, the two polarizations should result in quite different

scattered field patterns except for the symmetric case when pro 00.

In all the computations shown in this report, the original incident

plane waves (before reflection and refraction from the ground) are

considered to have an amplitude of 1 volt/meter, i.e.,

L o The computation involves 5 incident angles each with 2 polar-

izations at 11 frequencies. For each case, the scattered fields are

given in p, 0, z components at 4 different parallel planes above

" ground. The total number of data cases to be presented are5 x 2

x~ L1 x x 3'x 4=1,320.
13
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(7.62 cm), 4" (10.16 cm)

Figure 4. The scattering configurations and
"computational parameters
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Because of the vast amount of data involved, it is impractical
to present all the data in graphic form. They are recorded on magnetic

tapes so that MERADCOM engineers may recall the data at their convenience.
S:.The documentation of the tapes are in Chapters VI and VII of this report.

In Figures 5 - 10, the typical computed results are shown for
600 MHz, 1000 MHz and 14001MHz.

It is noticed in Figures 8 - 10, where the soil has a 20%
"water content, that the scattered fields for 1000 MHz is higher than
both 600 MHz and 1400 MHz. This phenomenon reverses the trend of

previous computations [8], which indicates the scattered fields to
be higher at lower frequencies. Since the previous computations

1 ,...: were based on an unrealistic assumption that the ground parameter
[ 3 was independent of frequencies, the present results are definitely

more reliable.

U
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ANGLE OF INCIDENCE IS 0. WITH H POLARIZED IN THE -Y DIRECI;O4.
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"RliO IN CENTI-METERS

PHI CUT OF 180 - 0 DEGREES IS USED.

AT 1.0 INCH ABOVE THE GROUNDSILT LOAM WITH 5.0 PER CENT WATER FREQUENCY 600.o MEGA HERTZ.
X SILT LOAM WITH 10.0 PER CENT WATER FREQUENCY 600,0 MEGA HERTZ.
+ SILT LOAM WITH 20.0 PER CENT WATER FREQUENCY 600.0 MEGA HERTZ.

Figure 5
Curves show that 1 inch above the ground the magnitude of Es generally.- increases with increased water content. P
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ANGLE OF INCIDENCE IS 0. WITH H POLARIZED IN THE -Y DIRECTION.
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ANGLE OF INCIDENCE IS 0. WITH H POLARIZED IN THE -Y DIRECTION.
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- SILT LOAM WITH 5.0 PER CENT WATER FREQUENCY 600.0 MEGA HERTZ.

X SILT LOAM WITH 10.0 PER CENT WATER FREQUENCY 600.0 MEGA HERTZ.

+ SILT LOAM WITH 20.0 PER CENT WATER FREQUENCY 600.0 MEGA HERTZ.
• •Figure 7

Curves show that 1 inch above the ground the magnitude of HS generally
increases with increased water content at 600 MHz.
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ANGLE OF INCIDEN4CE IS 0. WITH H POLARIZEG IN THE -Y DIRECTION.
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+ SILT LOAM WITH 20.0 PER CENT WATER FREQUENCY 1400. MEGA HERTZ.

Figure 8

Curves show that I inch above the ground the magnitude of Es is generally
p

large,. at 1000 HHz tihan at either 600 or 1400 MiHz for silt loam. having a
[2 20% water content. -19-



ANGLE OF INCIDENCE IS 0. WITH H POLARIZED IN IHE -Y DIRECTION.
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S3. OOE-02. /

2,OOE-02-

:,•: 1. OOE-O0-

0 .0 0 ,.

-1.o -10.0 -5.0 0.0 5.0 10.0 15.0

RHO IN CENTI-METERS

PHI CUT OF l3b - " DEGREES IS USED.

AT 1.0 INCH ABOVE THE GROUND
SSILT LOAM WITH 20.0 PER CENT WATER FREQUENCY 600.0 MEGA HERTZ.
X SILT LOAM WITH 20.0 PER CENT WATER FREQUENCY 1000. MEGA HERTZ.
+ SILT LOAM WITH 20.0 PER CENT WATER FREQUENCY 1400. MEGA HERTZ.

Figure 9
Curves show that 1 inch above the ground the magnitude of Ez is generally
larger at 1000 MHz than at either 600 or 1400 MHz for silt
loam having a 20% water ý.otient.
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ANGLE OF INCIDENCE IS 0. WITH H POLARIZED IN THE -Y DIRECTION.

.1 BOF-01

I- 1.40E-01-
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1 .20E-01-

-

• :z: I.OOE-OI-

4-.

- .OOE-021"

0.0

AT 1.0 INHAOV.- GON

. • ., ,.,~

o 8.00E-02-

w

S6. OOE-02-

p4.OOE-D2-

., • .,2. 00E-02.

-15.0 -10.0 -5.0 0.0 5.0 10.0 15.0

"';" RHO IN CENTI-METERS

•.. PHI CUT OJF 180 - 0 DEGREES IS USED.

SILT LAT 1.0 INCH ABOVE THE GROUND

X SILT LOAM WITH 20.0 PER CENT WATER FREQUENCY 600,0 MEGA HERTZ.

X SILT LOAM WITH 20.0 PER CENT WATER FREQUENCY 1000. MEGA HERTZ.
+ SILT LOAM WITH 20.0 PER CENT WATER FREQUENCY 1400. MEGA HERTZ.

Figure 10

Curves show that 1 inch above the ground the magnitude of Hs is generally
larger at 1000'.Hz than at either 600 or 1400 MRHZ for silt
loam having a 20% water content.
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V. DATA PRESENTATION

The data for the scattered fields are presented in such a way

as to give the maximum information with the minimum data set and

easiest access. The fields are decomposed in their cylindrical

components E E E, and nHiiH riH For a particular

"incident angle, polarization, and p, a field location, the

fields are given in terms of their "Azimuthal Coefficients"

For example:

M
E== P, or z

-M

where am's are the "Azimuthal Coefficients". Therefore, along

the positive x-axis, E which equals E is as shown belowP~ X

"M
""ES Es a

-Mp= XE= am&And, along the negative x-axis, Ep which equals -Ex is as shown below,

-M•~~ •:E -s = me~m
E• P -E -aaM e

°-M

The field at any other azimuthal angles can be found accordingly.

In this report, the "Azimuthal Coefficients" are computed for

p from 0 to 15 cm at 1 cm interval, and for z from 1-4" at I" interval.

" Therefore, by proper summation of the "Azimuthal Coefficients" fields

within circles of 15 cm radius at 4 different height can be obtained.

The "Azimuthal Coefficients" are presented in tapes, the
documentation of which is in the next two chapters. Samples of the

information on the tapes are given in Chapter VIII.

4 7 "-22-

_ - -. .. . . . . . . . . . . . . . . .. . . . . .



L ,- -.

VI. Description of the Program PCOEF
(sent via nine track tape)

i ..: 1. A complete listing of the Fortran Source of the program PCOEF
is in Appendix II.

2. Here at Berkeley the MNF4 compiler was used. The input consists of the
file of coefficients to be read, TAPE 18, and the instructions by the
user which are in the file input which has been made equivalent to TAPE
"10, by the Program statement in the main part of the Program.

3. TAPE 18 should be positioned at its beginning.

4. Below is a typical input for TAPE 10:

500.0 05.0 30.0 00.0 2.0 2.
ETAV*HPHI EZEE

123456789012345678901234567890123456789012345678901234567890
S111111111122222222223333333333444444444455555555556

5. The input, TAPE 10, is read by subroutine READIN. The reader should
"refer to that subroutine now. The first logical record contains the
desired frequency (in Mega Hertz), the pe, cent water content of tne
soil, the angle of incidence in degrees, the angle of polarization
in degrees, the height in inches, and the number of components desired.

"* The above example in Item 4 indicates 500 MHz, 5% water, 30' incident
angle, 0' polarization, 2 inches above the ground and 2 field components.

* * Subroutine READIN will then call subroutine RCNAME; it reads the
-' ; names of the components in the order they are to be printed. Note

the names must be exactly as listed in array ACOMP, which is set
* by the third data statement in the main part of the program. Again,

for the sake of clarification, the names must be the same as the
elements in array ACOMP, such as ETAV*HPHI for no H, EZEE for Ez etc.,

but any order is allowed. Note, the first character of each element
of ACOMP is a blank.

6. The subroutine READIN uses subroutine EOFILE to be sure the input
which is TAPE 10 will be positioned at the start of the next file.
"A user at a computer center other than LBL's may have to change
EOFILE, since it calls EOF.

1 7. This program has been successfully run here at Berkeley.

S-23-
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VII. Description of the files Containing Azimuthal
Coefficients sent ia the nine track tapes

1. The tapes were written by using LBL's ENCODE. A record length of 80

characters and a blocking factor of 45 was used. The tapes are
written in ASCII.

2. Each file containing azimuthal coefficients is for a mine buried
in silt loam having either 5%, 10% or 20% water content. The
frequency of the incident fields is one of the following: 400,
500, 600, 700, 800, 900, 1000, 1100, 1200, 1300, or 1400 Mega
Hertz.

3. The air-ground interface is taken to be the xy plane, with the
mine being buried and centered on the negative z axis. The incident
planar field's Poynting vector is taken to always lie in the xz
plane. Incident angles are with respect to the vertical axis
(the z axis). Plane waves whose incident angles are 0, 30, 45,
60, and 75 degrees were used. Note that an incident angle of 0
degrees corresponds to a planar wave whose Poynting vector is
in the negative z direction. For each incident angle, two polar-
izations are considered. The polarizations are defined by a polar-
ization angle. The angles of 0 and 90 degrees were used. A
polarization angle of 0 degrees means that the incident H field
is polarized in the -y direction. A polarization angle of 90
degrees means that the incident E field is polarized in the +y

"::; •• direction.

4. To obtain the total fields, add the incident field and the field
scattered by the air-ground interface to that defined by the azimuthal
coefficients. The magnitudes are normalized so that the electric
field of the incident plane wave has a value of 1 volt per meter.
The azimuthal coefficients for the phi, rho, and zee components of

• *the electric field are given in units of volts per meter. Azimuthal
coefficients for the phi, rho, and zee components of the magnetic field
are given in nflH, (no = 377P). These coefficients are also in units of
volts per mete-.

5. The files containing the azimuthal coefficients, when printed, can
be read by a human being, although this would certainly be a tedious
task. The results are grouped by incident plane wave. For each
incident plane wave, the results are grouped by a particular height
above the air-ground interface. For each particular height above
the air-ground interface, the results are grouped by field components.
For each field component, the results are grouped by a particular
value of rho. For each value of rho, the most negative azimuthal
order appears first.

6. What now follows is a line by line description of such a file.
The reader may now wish to refer to a listing of TAPE 18.
The first part of Chapter VIII of this report contains a listing of
the first part of one of the files.

-24-



7. First appears a heading. The first line of this eight line heading is
as shown directly below:

FREQMH,PCENT,ZINCH,AOFI,AOFP,MM3,NPTU

FREQMH indicates frequency in Mega Hertz

PCENT indicates per cent water content of the soil

ZINCH indicates height above the air-ground interface in inches

AOFI indicates angle of incidence in degrees

AOFP indicates angle of polarization in degrees. (As stated above,
there are only two values used. 0 corresponds to the incident
H field polarized in the -y direction; 90 indicates the
incident E field is polarized in the +y direction.

MM3 indicates the total number of azimuthal coefficients. This
number is always a positive odd integer, since the absolute
value of the most negative azimuthal order used equals the

<: ~ value of the largest, with all azimuthal orders lying between
these limits being used as well.

N NPTU indicates the number of rho values used for the height.
The number used is always 16.

8. The second line of the heading lists the values of the first line, in

the order of the first line. Referring to the first heading of the
file shown in Chapter VIII, we have freq. = 1400 MHz, 20% water, 1 inch
above ground, 00 incident, 0' polarization, MM3 = 11, NPTU = 16. The
third line prints the format to be used to read the first three lines
of the heading.

9. The next line is as shown below:

'(RHO(!),J=1,NPTU,1) --- IN FORMAT(4(1X,E1O.4))

RHO indicates the rho values used in centimeters. The format is the
format used to read the next four lines, which contain the various
"rho values used. The rho values used are always the same 0 through

O 15 centimeters in increments of 1 centimeter.

* 10. These first eight lines then are what are referred to as the heading.
A heading then always appears before the results for each particular
height.

[ 11. Following the heading are two lines. These two lines indicate the
;" field component and the format to use to read these two lines.

Following this is a line shown below:

((WAVEH(IROW,ICOL), IROW=1,MM3,1),JCOL=1NPTU,1) --- IN FORMAT((6(lX,E1O.4))

-25-



11. (cont.)

"This indicates that the two dimensional array for storing the
azimuthal coefficients are written out in groups of MM3(=11 in
the example shown in Chapter VIII) complex numbers, (22 real numbers).
The first block of coefficients refers to JCOL=1, which represents
EPHI at p = 0. The first two numbers in JCOL=I, represents the
real and Imaginary part of the most negative azimuthal order,
i.e., M=-5 for MM3=11. The next two numbers correspond to M=-4,
etc, and the last two numbers corresponds to M=5. The next block
"of numbers, JCOL=2, represents EPHI at p = 1 cm, and each sub-
sequent blocks represents the field at 1 cm increment in p.

12. Following these coefficients are two lines which indicate the next
field component, which are in turn followed by its azimuthal coefficients.
This pattern is then repeated throughout the tape.

"13. Appendix I illustrates the application of the data base to compute
scattered and total fields on planes above the ground.

-I
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VIII. Typical Portions of the data BaseI • of Azimuthal Coefficients

0-. "* The incident field in this report refers to the incident plane

wave. The primary field refers to the incident field plus the reflected
field from the interface without the buried object. The scattered field
is meant to be the total field less the primary field. The azimuthal
coefficients are for the scattered fields. To obtain the total fields,
add the primary field to that defined by the azimuthal coefficients.
The magnitudes are normalized so that the electric field of the incident
"plane wave has a value of 1 volt per meter. The azimuthal coefficients
for the phi, rho, and zee components of the electric field are given

-: in units of volts per meter. Azimuthal coefficients for the phi, rho,
and zee components of the magnetic field are given in n H, (no = 3770).
These coefficients are also in units of volts per meter.

The coefficients shown are from the beginning of a file where the
Incident field's frequency is 1400 Mega Hertz and the soil is Silt Loam
having a 20% water content. The near field is for a distance of 1 inch
above the air-ground interface. Coefficients in Set I are for 0° incidence
and those of Set II are for 300 incidence. Both sets of data are for
polarization angle of zero degree.

-27-



" .. Data Set I

FREQm PtENt,, O RrleFP I'/,)3, NPTu
-140044O e x /.20OOE402 .10 2O.t 1.0) 16SIN FO RINT( 30X ,I ,St IXE) - q) 2( I X It o) 15). It

0. O00iOto .z0o , 401 .300b601
." 000ot1. ,soO1•+ol ,6000t1*0 .700DE0)
.80001.01 .900C1,i .10O00E+02 .1100E+02.1200E+02 .1300E*02 .14001+02 .s500E02THE WEAR FIELD COtIPONENT IS EPHI"¶ 'IN FOp•1Ah29xAIO, ,25X)"" ~Wvt ( I llowI IR Jcof), IROW:I mm3, 1) )JCOL=! NPTO, 1)SJ•). u, - " u. 8., V. -- , Irl • (6 X, O q)

I-., -. 202•- s . o"-01 .6676E-010 0. "-- J C0 L = 1.22 -.1-6676f-01 0. 0.L--:, (0. 0,o "• o

:234V0E-01 .6q981-o0 0. 0. -.230-01 698E00. 0. 0. o. 0. 00. 0. o2693E-01 .5928E-010- o . 0.
0. -. 2693E-01 .592-01 0. 0.O. 0. O. 0. O. 0.0. 0. 0. 0. 0. 0.0. 0. o, 30 9 5E 0-01 ,1944E-01 0. 0.-. 3095E1-01 !*q9i49-01 . 0. 0. 0.
0. 0. 0. 0. 0. 0.0. 0. 0. 0. 0..334981-01 .366'IE-01 0. .-. 39-01 .3641

o.0. -.34E•-9, -.364-01
0. 0. 0. o. 0. 0.0. 0. 0. 0. 0. 0.0. o. 0. 0. .3326E-01 .2318E-010O. 0. -. 3326E-01 -. 2318E-0! 0. O.

"0.,. . 0. 0.
0. 0. 0. 0.0. . .30251-01 .1122E-01 0. 0.-. 3025E-01 -. 1122E-01 0. 0. 0. 0.0. 0. 0. 0. 0. 0.0.2 0. 0. 0. 0. 0..2527E-01 .2013E-02 0. 0. -. 2527E-01 -. 20131-020. 0, O. 0. 0. 0.0. 0. 0. 0. 0. 0.0. 0. 0. 0. .1901-O! -. 41491-020. 0. -. 19490-01 .Alle8-02 0. 0.0. 0. 0. 0. 0. 0.0. 0. 0. 0. 0. 0.0. 0. .1355E-01 -. 7500T7-02 0. 0.-. 1355E-01 .7549TE-02 0. 0. 0. 0.0. 0. 0. 0. 0. 0.0. 0. 0. 0. 0. 0. ",.84O049-02 -. 87812E-02 0. 0. -. 8401#E-02 .8742E-02". 0. 0. 0. 0. 0.0. 0. .. I. 0. 0.0. 0. 0. 0. .A389E-02 -.8432E-020. 0. -. 00389E-02 .86032-02 0. 0.0. 0. 0. 0. 0. 0.0. 0. 0. 0. 0. 0.062. 0. 1_ . -02 -. 7365-02 0. 0."-.1612E-02 .7365E-02 0. 0. 0. 0.0. O. 0. 0. 0. 0.0. 0. 0. 0. 0. 0.

-1600F-03 -. 6150E-02 0. 0. .1600E-03 .6150E-02: , " O O ,O . .0 . 0 .
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0. 0. 0. 0. 0. 0.
0. 0. 0. 0. -. 1346E-02 -. 50TIE-020. 0. .13q6E-02 5071E-02 0. 0.0. 0. 0. o0 0. 0.0. 0. 0. 0. 0. 0.0. 0. -. 2280E-02 -. 1071E-02 0. 0..2280E-02 .qo401-02 0. 0. 0. 0.0. 0. 0. 0."I t WAR FI LD COMPONENT IS EAHO
IN FOMT(29 AX,IO I 2SX)

S(VIEMR RoW,:JCO):IIowslq3, ) JCOL 0. - O0.0. :D3iO~0~~u IN F0RPIATM6IX EIOAg))0.0. 0. 0.0. 0. -. 66T6E-0 20E0 .0
.:-' -,6676E-01 .2202E-01 0. 0. 0. 0.
S:.. 0. 0. 0. 0. 0. 0.0. 0. 0. 0. 0. 0.

"-.4695E-01 .2210E-01 0. 0. -. 6q95-01 .2210E-010. 0. 0. 0. 0. 0."0. 0. 0. 0. 0. 0.0. 0. 0. 0. -. 599E-O1l .22q3E-01
0. 0. -. 599qr-01 .2qX-0l 0. 0.0. 0. 0. 0. 0. 0.. ,0. 0. 0. 0. 0. 0.
0. 0. -. 5236E-01 .2305o-01 0. 0.-. 5236E-01 .2305E-01 0. 0. 0. 0.*0. 0. 0. 0. 0. 0.00. . 0. 0. 0. 0.-.A2ME-01 .23uS-01 o. 0. -.,26qE-0O .2348E-01O. 0. 0. 0. 0. 0.0. 0. 0. 0. 0. 0.
0. 0. 0. 0. -. 3173E-01 .2300E-010. 0. -. 3173E-01 .23-01 0. 0.0. 0. 0. 0. 0. 0."0. 0. 0. 0. 0. 0."0; . 0. -. 211qr-Ol .2119E-01 0. O

0.
;.-.1 'q'-i .21IOE-01 0. 0. 0. 0. •

0. 0. 0. 0. 0. 0.-. 1223E-01 .1813E-01 0. 0. -. 1223X-01 .18131-010. 0. 0. 0. 0. 0.0. 0. 0. 0. 0. 0.0. 0. 0. 0. -.56SIE-02 .1437E-010. 0. -.56S81-02 .1,37E-0o 0. 0.0. 0. 0. 0. 0. 0."0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0.

,,.4r34YE-03 .TICS-02 0. 0. .53q/IE-03 .7103E-02
"0. 0. 0. 0. 0.

0. 0. 0. 0. 120.E-02
0. 0. .1206C-02 .586E-02 0. 0.0. 0. 0. O. 0. 0.0. 0. 0. o. 0. 0.0. 0 .119E-02 .30Wof-02 0. 0.. 1190-02 .:300F-02 0. 0. 0. 0.0. 0 0. 0. 0. 0.0. 0. O• 0. 0. 0.",1001-02 .2229•-02 0. 0. . IOT7E-02 .2229E-020. 0. 0. 0. 0. 0.
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F0l
*,.•-' ":. 0, 0 , 0 ,O0. 0. 0,

0, o, o, o-0~ .)?3oto .r••o

S"0. 0.
0. . . o. o8~ -o : 0,,t, o.

0. 0. 0.

.-0." i '-0. • 02-.13191 0. 0.

O, 0, 0. 0. 0. 0.
0. 0. 0. ..

.. 0. 0. 0. 0.

0.97t-oz -. 7?96E-0, . 0. 0. ?gt[-02 -. 7796E-02
0. 0. 0. 0. 0. 0.

* 0. 0. 0. 0. 0. 0.
*-• ".-. O.0. 0. 0. .,3,SE-01 -.7T9$2-02

0. 0. .1315E-01 -. 1482E-01 0. 0.
0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. O.
07. 0. .13ME-01 -.20810f-0 0. 0.

0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0.

0. 0. . .1872-01 -.2585E-0..13C-O 0.OSE0 0. 0. 0. 0.
0 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. .1,26-01 -. 2,,2-Ol

. o.2.1E-o 0. 0. .1722E-0 o.2E-100
0. 0. 0. 0. 0. 0."0. 0. 0. 0. 0. 0.0. 0. .1 0.,[-o, -.3227E-0 1 0. 0.

, . 0..r--o- -. 3227E-01 0. -. 0. 0.
0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0.. 0-.- •C-o0. o o-01-. .6292 -02 03o-o2910-.21-20. 0. 0. 0.

0. 0. 0. 0. 0.'0 0. 0. 0. 0. -. T3 03 ..e~~~m-02~ -37CO 0.0.6,2-03 -.3027CC-OR

0. 0. -. 707iE-03 -. 3092E[-01 0. 0.0. 0. 0. 0. 0. 0.0. 0. 0. 0. 0. 0."-"7. 0. 0. 0•-. -. 2706E-01 0. -.
"0. 0,•17--- -. 27 -.•-01 -O,0. 0. 0.
0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. O. 1
-130 0. -. 72-,K f 20.0 ,-. -. 130. E01 -. 2ISE-01-.""75,-0 , -. 7,10 0.O. 0. 0.

0. 0. 0. 0. 0. 0.40. 0. 0. 0. 0. 0.
. O. 0. 0. -. 3130E-01 -.21521E-01
0. 0. -,6qgl-01 -0. 20E-O. 0. 0.
O. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. -.0. 0. -. 1 TOX-01 -.15211-07 0. 0.
-. 113,-0. -. 81891-02 0. O. 0. 0.
0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0.

"""-,3YE-01 -. 30261-02 0. 0. -. 1 ?37-01 -. 3026E-02
0. 0. 0, 0. 0. 0.
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0. 0: 0. 0. 0. 0.
O. 0. O. O. -1 -1 .169qE-02
0' O . -. 1767-01 .1694E-02 0. 0.
0. 0. 0. 0. 0. 0.0. 0. 0. 0. 0. 0.0. 0. -. 1321E-01 .534'E-02 0. 0.-. 1321E-01 .5344E-02 0. 0. 0. 0.0. 0. 0. 0.
THE NEAR FIELD COMPONENT IS HPHI
IN FOhMTI29X Alo /,23)1)
"((IAVEEH( IROWJCOL),I OW=I1f3,I! .I JCOL=INPTI, 1) --- IN FORITt Mv XEI 10.)

:0 NOO. O. 0. O. 0. 0.0. 0. -.6440E-01 .2979•E-01 0. 0.
-. 6NOE-O1 .29?9E-01 0. 0. 0. 0.0. 0. 0. 0. 0. 0.0. 0. 0. 0. 0. 0.-. 622SE-01 .3092E-01 o. 0. -. 6225E-01 .3092E-010. 0. 0. 0. 0. 0.0. 0. 0. 0. 0. 0.0. 0. 0. 0. -.:56IE-01 .3342E-010. 0. -.5615E-01 .33q2E-01 0. 0.0. 0. 0. 0. 0. 0.0. 0. 0. 0. 0. 0.0. 0. -.A720E-0I .355[E-01 0. 0.-. q42o0-o0 .3554E-01 0. 0. 0. 0.0. 0. 0. 0. 0. 0."0. 0. 0. 0. 0. 0.-. 360U-01 .3631E-01 0. 0. -. 3683E-01 .3631E-010. 0. 0. 0. 0. 0.0. 0. 0. 0. 0. 0.0. 0. 0. 0. -. 2633E-01 .3569E-010. 0. -. 2633E-01 .3569E-01 0. 0.0. 0. 0. 0. 0. 0.0. 0. 0. 0. 0. 0.0. -1. 0. -. 1619E-01 .3396E-01 0. 0.-. 16119-E1 .3396E-01 0. 0. 0. 0.0. 0. 0. 0. 0. 0.0. 0. 0. 0. 0. 0.
-. TTOr.-02 .3131E-01 0. 0. -. TT02E-02 .3131E-010. 0. 0. 0. 0. 0.0. 0. 0. 0. 0. 0.0. 0. 0. 0. -. 16@qE-03 .2779E-010. 0. -. I6814E-03 .27T9E-01 0. 0.0. O. 0. 0. 0. 0.0. 0. 0. 0. 0. 0.O. 0. .59q5E-02 .23q6E-0I 0. 0..594SE-0 .23q6E-!0 0. 0. 0.0. 0. 0. 0. 0. 0.o. 0.. 0. 0. 0.

- 0. 0. 0. 0. 0. 0.0. 0. 0. 0. 0. 0.

0. 0. 0. 0. .I3AME-01 .1328E-01

0. 0. -1340E-01 .132BE-O1 0. 0.0. 0. 0. 0. 0. 0.
0 O. O. 0. 0. 0. 0.0. 0. .21 179E-01 .812qE-02 0. 0.

, .17E0 O.82E0 0. 0. 0. 0.

.. 0. 0. 0. 0.SO. 0 . O. 0. 0. 0.
.4Iq5E-OI .336qPE-02 0. 0. .q85E-0 .336'IE-02

.00

.:' .. . . . . . . -

""I ½ . p . ' U.o . - - -



"0 -,. 0. 0. 0. 0.00. 
-0. 0. .13#6E-Oj -.0125T-03 0. 0.0. 0. 0. 0. 0. 0.: . , 0. 0. 0. 0. 0.0. 0.

* ,. o,1203E-01 ,, . 0. 0. 0.0.0. 0. 0. 0.THE NEAR FIELD CWOWNElT IS t•11•
INI F0FmT(29X,AIO / 23X)A((VEEW(ItW,,JCOL);IRDWOIIIp13, 1).JCOL=I,NPTU,I) --- IN FORMAT6IX,E1O.9))0 0. 0. . 0.0. 0. -. 2979E-01 -.6;i'0E-0! 0. 0.

.2979E-01 .6440E-o0 0. O. O. 0.
0.0. 0. 0 . 0 . 0.

0. 0. 0. 0. 0. 0"-.30 82- 0I -. 60280- oI 0. 0. .308 E-0 1 .6028E-0.0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0.0. 0. 0. 0. 0. -0.0.0.0 -.3066E-01-0

. .3066E-0 .93,E-01 0.... o. 00. 0.0. 0. 0. 0. 0.0. 0. -. 2486E-01 -. 3580E-0! 0. 0..2"8E-01 .35$0E-01 0. 0. * 0. 0.0.. . O. 0.0. 0. 0. 0. 0. 0."-. IttE-0 -. 27?ZE-0OI 0. 0. . I445E-l0I .24t2E-010.0.0. 0. 0. 00. 0. 0. 0. 0. 0.0. 0. 0. 0. -426SEt-0z -. 1877r-0I
0. 0. .4268E-02 .18?7E-01 0. 0.
0. 0. 0. 0. ). 0.

0. 0. .1972•-02 -. 171*E-01 0. 0.
0 0. 0. 0. 0. 0. 0.0. 0. 0. 0. 0. 0..3636E-02 -. 1735E-01 0. 0. -. 3636E-02 .175SE-0i0. 0. 0. 0. 0. 0.

0. a. O. 0. 0. 0.
2 0. 0. +. 0. .2021E-02 -. !793E-0I

S0. 0. -. 2021E-02 93-Ol 0. 0."0. 0. O0 0. 0.0. 0. 0. 0. 0. O."0. -.1 0* 129W-02 0I.3YE-0o 0. 0.• 0.2 0 .1731'E-OI 0. 0. 0. 0.0. 0. 0. 0. 0. 0.0. 0. 0. 0. 0. 0.-.5176E-02 -. 1~555E-01 0, 0. .SI76E-02 .555T-01- . 0. -0. 0. 0. 0. o.* 0. 0. 0. 0. 0. 0." 0. 0. 0. 0. -. 691-02 -. 123,E-o
0. 0. .8691E-02 .123.1-3E -. 0.
0. 0. 0. 0. 0.0. 0. 0. 0. 0. 0.
a. 0. .109,1-0I -. 79"2f-02 0. 0.

.I09'EE-0! •T952E-02 0. 0. 0. 0.0. 0. 0. 0. 0. 0.0. @. 0. 0. 0. 0.0-.1:m-o -.3251E-02 0. 0. .)25E-o .32E-020. 0. 0. 0. 0. 0.
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0 0.,

0. 0. 0. 0. 0. 0.0, 0. 0. O. -. gT16E-02 .•'?9E-03
0. 0. .0716I-02 -. 59qgE-03 0. 0.
0. 0. 0. 0. 0. 0.- . 0. 0. 0. 0. 0. 0.,* 0. 0. -. ?30'f-OZ .282#E-02 0. 0..730'E-02 -.Z82qE-02 O. 0. 0. 0.o. 0. 0. 0.

, THE WEAR FIELD COMPNENT Is "ZEE
IN FORMiA(29X, IO /,25Y
((bAVEEH( IpOMbJCOf, InowaTl,,Ilu3, 1 JCOL=INPTUI) --- IN FOR'IAT(6( IXEIO.)))O0 O. O. 6. 0. O.0.0. 0,. 0. 0. 0."0. 0. 0. 0. 0. 0.0. 0. 0. 0. 0. 0.0. 0. 0. 0. 0. 0.

0.1228-oI .13 0E-0l 0. 0. -. 1228E-01 -. 1351E-010. 0. 0. 0. 0. 0.•* .0. 0. 0. 0. 0. 0.
0. 0. 0. 0. .2733E-01 .216eE-01
0. 0. -.2?83E-01 -.26SE-0o 0. 0.0. 0. 0. 0. 0. 0.0. 0. 0. 0. 0. 0.
0. 0. .q30E-01 .2115E-01 0. 0.. .q30E-01 -. 2115E-01 0. 0. 0. 0.
0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0..5126E-01 .1282E-01 0. 0. -. 5126E-01 -. 1282E-01
0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0.
0. 0. 0. 0. .5016E-01 .1198E-02""0. 0. -. 5016-01 -. 119K.-02 . 0.
0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0.

3- . 0. . q2l E-0 1 -- 0 0. 0-.3O.'"-.q211[-01 .905BE-02 0. -1. 0. 0.

0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0.
.3112-01 -. 160E-01 0. 0. -.3112E-01 .1560E-01
0o.0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0.
0. 0. 0. 0. .0. 2E-01 -.12E-01
0. 0 -.2o02E-o0 .1829E-01 0. 0.
0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0.
03-. O. 0. .1091E-01 -. 1789E-01 0. 0.-"-.109JE-01 .1789E-01 0. 0. O. 0.

0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0.

.3880E-02 -. 132E-01 0. 0. -. 3680E-02 .15321E-01
-0 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0.
0. 0 -.2 0. -.-.qE-03 -.011590-01

0. 0. .51SE-03 .11591E-01 0. 0.
"0. 0. 0. 0. 0. 0.

:'"0. 0. 0. 0. 0. 0..O, . -. 2qO5E-02 -. 7946E-02 0. 0.
.2405E-02 .790E[-02 0. 0. O. 0.

0. O. O. 0. 0. 0.
. 0. 0,O . O. 0.

" -. 2629E-02 -.5q20E-02 0. 0. .2629E-02 .5q20E-02
0. 0. 0. 0. 0. 0.
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0. 0, 0. 0. 0. 0.0. 0. 0. 0. -. 2172E-02 -. '•24?-02

0. 0. .21072E-02 .1257T1-02 0. 0.
0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0.
0. 0. -. 2833E-02 -. 3725E-02 0. 0.
.2853-02 .37251-02 0. 0. 0. 0.

0. 0. 0. 0.
FRC0HN9 PCLAT' ZINCH P.0| AOFP, p M3jNPTU

.l0.0940 .2000EF0Z .2000.01 0. 0. II 16
"IN F01WT(f3tE / StIX 1E05.9) 2(IA 110) / 5SX)
t( H( I)AI=lIIATCP 1) 1-- IN tORMAtiaI( (i El05.q))
0. .1006601 .2000E*01 .3006i01*
.10001.01 .5000E+01 .6000E101 .7000E+01
".80001.01 .90001.01 .1000E102 .1001E+02
.1200E*02 .1300E+02 .1q00E02 .15001*02

THE WEAR FIELD COMPONENT IS EP"I
IN FORMTT(29X AtO f 25X)
((WAVEEH(1R JC0L),IRO:D=,PW3, ! JC0L=1,NPTU, 1) --- IN FORr¶ATV6IX,EIO.4))
0. 0. 0. 0. 0.
0. 0. .3730E-01 .2919E-01 0. 0.
-. 37301-01 -. 29q9E-01 0. 0. 0. 0.
0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0.

.372K-01 .288,90-01 0. 0. -. 3728E-91 -. 28110E-01
0. 0. 0. 0. 0. o0
0. 0. 0. 0. 0. 0.
0. 0. 0. 0. .37101-01 .2 6-01
0. 0. -. 37101-01 -. 2526E-01 0. 0.
0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0.
0. 0. .36qTE-01 .2039E-01 0. 0.
"-.36q7E-01 -. 2039E-01 0. 0. 0. 0.
0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0.

.350n-01 .lq38E-OI 0. 0. -. 350n1-01 -.19381-01
S.• 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0.
0. 0. 0. 0. ..3263E-01 .7943E-020. 0. -. 3263--01 -. 79531-02 0. 0.

00. 
0. 0. 0. 0.

0. 0. 0. 0. 0. 0.
"0. 0. .29191-01 .18171-02 0. 0.
-02919E-01 -. 18111-02 0. 0. 0. 0.

0. 0. 0. 0. 0. 0." . 0. 0. 0. 0. 0.
0".2193-01 -.31#21E-02 0. 0. -. 20193E-01 .3421E-02

"0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0.
0. 0. 0. 0. .2016E-01 -. 75918-02
0. 0. -. 2016E-01 .7'9l81-02 0. 0.
-. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0.
0. 0. .15261E-01 -.1001E-01 0. 0.
-. 15261-01 .1005E-01 0. 0. 0. 0.
0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0..1059E~q•-01 -. 1139E-01 0. 0. -. 1059f-01 .11391E-01
0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0.

0. 0. 0. 0. .6:90c-02 -. 11611-01
0. 0. -.63901-02 .11659-01 0. 0.
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Data Set II

VA .1?O•-02 -. 872eE-02 0. 0. 0. 0.
0. 0- 0. 0.
FREOMQI KIENT ZIONCHIkF , P .t3,NPT

N" ,1110kt+" !ZOOl4 -- _M60 , 0 .3006E+02 0. 11 16
IN FOWAT(OU / R IX 1E0.1) V(IX 110) / 45X)

.'0. : , , 1) -'- IN FO Rt)
"0. ,100kE+O1 .2000E+01 .3006E01

6' ,)OOE.+01 .5000E+01 .6000E+01 .TOOOE+O1
.000E.O01 .9000E,01 .1000E+02 .1100E.02
.1ZO0E+02 .1300E+02 ,I#OOE+02 .1500E+02

THE WAR FIELD CORPONENT IS EPHI
4IN Fo", 29X A•IO I 25X),;,•-: '•'! •t(bIAYMlfr'H(__ON.{.L)'TRON:I.P'f3.1 ).JCOL=I.f•T ..1,-=- INrFORrAT( 6(.!.XEl0.0))

U. 0.
0. .1663E-01 .5757E-010. 0..
-.1663E-01 -.5T57-0~o ~6~1 0. 0. 0. 0 JCOL=

S0 .-. 1005E-09 .1122E-01
201Z9-06 .II1E-05 W=3 1166EW- 4 1 E79 -. 2997E-02 -. 2090E-02I IrT• --Ot .5615E'-01 0. 0. -. 1775E-01 -. 5615E--01|

.299TE-OZ .2090"-02 -. 116.-03 .378S-O -. 209 -06 -. 1158F| .7005F-09 -. 11lgX-071-.10l't•--0 .1 I t/-.Ub .IZI• -O . 1 -0 " '
,' :-.3-22E-0 -,511-03-.51•-2 -333WE-02 .2065E-"01 .5155E'-01

0. 0. -. 2065E-01 -. 5155E-01 .58lqE-02 .3334E-02
.37T22-03 J1511E-03 -. 1272E-05 -. 716SE-05 .1579E-08 -. 1217E-06
..1342E-OT .3156E-06 .2936E-05 .1665E--"f .5879E-03 -. 3262E-03
.805M6-02 -. 3271E-02 .24IE-01 .#35E-O1 0. 0.

* .2ql)E-01 -.A354E-01 .8056E-02 .3271E-02 -. 5879E4-3 .3262E-03
-. 2936E-05 -. 1665E-0M -. 1342E-07 -. 3156E-06 -.AU51E-08 .3663E-06

.5293E-05 .2569E-0- .65'9SE-03 -. 5272E-03 -. 9279E-02 -. 198WE-02

.2657E-01 .3299E-01 0. 0. -. 2657E-01 -. 3299E-01
-.929E-02 .198M1-02 -. 65qSE-03 .5272E-03 -. 5293E--05 -. 2569E-"'14'-.151E•--08 -. 3663E-06 -,1967E--06 .2196E-06 .1022E--0q .31e5E--0f

,5605E-03 -. 7052E-03 -. 9271E-02 .26A7E-0Q .2691E-01 .2169E-01
0. 0. -. 2691E-01 -. 2169E-01 .9271E-02 -. 26'7E-O'
-. 5605Et-03 ,7052E-03 -. 0I22E-04 -. 3185E--" .196TE-06 -. 2196E-06
-. 5675E-06 .1508E-06 .1920E-0-f .3263E,-0" .3Q30E-03 -. 8092E-03

8-,120E-02 .211'#E-02 .2'f9 4 E-Ol . lf.E-0l 0. 1." ';-.?A9vE-0I -. ll#31-01 .8120E-O2 -. 2119-02 -. 3130E-03 .8092E-03
-. 192CE-0'l -. 3263E-0' .5675E-06 -. 150SE-06 -. 8381E-06 .393e--b

.2971E-04 .2526E-Oq .6639E-011 -. 7962E 33 -. 6152E-02 .370T9E-02

.2122E-01 .33149E-02 0. 0. -. 212.'E-01 -. 33'9E9-C2

.6152E-02 -. 3709E-02 -. 6639E-Of .7962E-03 -. 2971E-04 -. 2526E-0"
".83E--06 -. 3938E-06 -. 6979E-06 .8028E-06 .355E--04 .1 016E•04

-.186E-03 -. 65W-03 -. 3837E-02 .'f59E-O2 . 1659E-01 -. 2209E-02
0 . 0. -. 1659E-01 .2209E-02 .3837E-02 -. '59•-02

.186W-03 .65W#E-03 -. 3550E-04 -. 1016'-Oit .6979E-06 -. 8028E-0b
"-.610IE-06 .9832E-06 .31W61-0' -. 6935E-05 -. 3378E-03 -. 4229E-03

.-.1891-02 .1#305E-02 .1185E-0l -. 51021E-02 0. 0.

-. 1185.-01 .5q21E-02 .1689E-02 -. A305E-02 .337E.-03 .'229E-03
-. 31561E-Oq .6935E-05 .1610E-06 -. 9832E-06 .OE032E-06 .7045F-06

S-. .1881E-04 -. 1810E-04 -. 35*40E-03 -. 1821E-03 -. 1233E-03 .3484E-02
.7612E-02 -. 6T37E-02 0. 0. -. 7612E-02 .673TE-02'..1M E£-03 -. 31184E,-02 .3540E-03 . 1821E-03 -. 1881E-04 181OE -..O4

-. #032E-06 -. 704%E-O6 .59WLE-06 .1333E-06 .39141E-05 -. 189CE-0-
-. Z607E-03 -. 1261E-0" .69'#6E-03 .2JI25E-02 .',.2E1-02 -. 67'0E-02
0. 0. -. A2a42.-02 .67110E-02 -. 6946E-03 -. 2425E-02

.26*TE-03 .1261E-Of -. 39'4IE-05 .1890E-0M -. 596§#E-06 -. 1333E-0t,

.33W66-06 -. 3255E-06 -. 56101-05 -. 156E-0 -. 13'fE-03 .511'4E-04
•-.8990-03 .1,31E-02 .1852E-02 -. 60'5E-02 0. 0.

-. 1852E-02 .60'E-02 -. 8990E-03 -. 1531E-02 .14q34E-03 -. 511'E--0
.156101-05 .ll15 6 •-O1 -. 3366E-06 .3255E-06 -. 1030E-06 -. 3896E-06

-. 6935-0 -. 2631E-05 -. 5924E.-0' ,3435E-0 .8115E-03 .99q4E-03
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,2TVIEC-3 -. 5SIE-2 0. 0. -. 2791E-03 .515BE-02
-. 9115T-03 -. 1t~8E-03 .5124E-O' -343SE-0' .6935E-0~ .2631E-05

-:. 0 6-O 3SI-" -. -" I 285M~-0 .219DE-05
-. T3E-0 -. 'T21f-05 .730ZE-03 .T'1B5E-03 -. 7982E-03 -. 433'W~-02

0. 0. .7982-03 .1334.E-02 -. 7302E-03 -. 7V85E-03
,37HE,• .NT|E• 2"O1E"-.0 10-0 .3610E..0 .Ilqf-.06

"" -. 28?11-0• .205W-06 .- 1O2E-.5 .1759E-05 -. 5534$E-"O -. 1905E-0O
"."" ?& -03 .58•%-03 -. 1651E-02 -. 35q8E-02 0. 0.

"- .1451E-02 .354E-02 -. T681E-03 -. 5896E-03 .553'tE-.", .1905E-04
.A0~0 -A131E-0 .2679E-06 -. 20549E-0

TiE PEPA FIE1. COMPOEN4T IS ERHO

"(C(W•,VW IROW:JCO.):IROt,=l,M,3.I) JCOL=I,NPTU,1) -- IN FORfrT(6( IX,EtO.Af))
"0. O. O 6. O. O.0. 0. -. /STE"-O1 .1663E'-01 0. 0.
-. 535-E-01 .1663E-01 0. 0. 0. 0.
0. 0. 0. 0. -.. 1089E-01 .2090E-09
-. 1112E-"5 .2#40TE-06 .3791E-014 .1173E-03 .2173E-02 -. 2951E-02

.56IlE-O1 .1683E-01 -. 1336E-02 -. 3225%-02 -. 5611E-O1 .1683E-01
.Z173E-02 -. 2951E-02 .3791E-.04  .1173E-03 -. 1112E-05 .2V0TE-06

-. 1089E-07 .2090E-09 -. 1032E-06 .4021E-OT -. 6016E-05 .1859E-05
10#E.I -03 .3787E-03 .3861E-02 -. 5512E-02 -. 5191E-01 .1732E-01

'-.26TE--02 -. 5678E-02 -. 5191E-01 .1732E-01 .3861E-02 -. 5512E-02,-..69:,E-0,3 . 3787E--03 -. 6016E-05 . 18591E-05 -. 1032E-06 .4021E-.07
-: 153K-"• P 905E-t•-06 108E-OA .IA69E--05 . 2837E-.03 . 6003E-03

• " q~EE-02 . 726E'.02-.q28E-01 . 7 -01 -. 3329E-02 -. 7006E-02

-.q5Z8E-01 .1785E-01 .#45'.eE-O2 -. 7296E-02 .2837E-03 .6003E-03
-. l0dE-04 .4"69E-05 -. 153SE-06 .2905E-06 .2#72E-06 .7334tE-06
,-.1I2CE-0 .'8511E--5 .374S5E-03 .6730E-03 .81079E-02 -. 80'0E-02

-.36TE-01 .1809E-01 -. 3973E-02 -. 7181E-02 -. 3673E-01 .1809E-01
".0#07%-02 -. 80'#0E-02 .31'95E-03 .6730E-03 -. 12IOE-0- .451 IE-05
.2#f72E " .733'E-06 .1160E-05 .8585E-04 -. 1284E-04 .0614E-06
.3902E-03 .6205E-03 .2829E-02 -. T?2E-02 -. 2729..-O1 ,1763E-01

-. 4'?1E-O2 -. 63W-02 -. 2729E-O0 .1763E-01 .2829E-02 -. 7772E-02
.3902E-03 .6205E-03 -. 1284E-04 .*5E-06 .1160E-05 .8585E-06
.1965E-0 .235SE-06 -. 1672E-0 -. 3313E-05 .3654E-03 .51143E-03
-.1359E-02 -. 6784E-02 -. 1832E-01 .1622E-01 -.A615E-02 -. 4795E-02

-. 1832E-01 .1622M-01 .1359E-02 -. 678'IE-02 .365WE--03 .5143E-03
-. 1672E-O4 -. 3313E-4)5 .1965E-05 .2355E-06 .1951E-05 -. 8395E-06
-. 215SE--0 -. 156TE-05 .3412E-03 .3922E-03 .8312E-04 -. 5429E-02
-. IOWIE-OI .139X-01 -. 4'?OE--02 -. 29Q3E-02 -. 1089E-01 .1393E-01

.8312E-04 -. 5129E-02 .3q12E-03 .3922E-03 -. 215SE--0q -. 156TE-05
-1951E-05 -. 8395E-06 .1052E-05 -. 1581E--05 -. 2209E-O' .5438E.-05
.320SE-03 .ZS97E-03 -. 7983E-03 -. 3979E-02 -. 54Q7E-02 .1113E-01

-. 373qE-02 -. 1224E-02 -. 58167E-02 .1113E-01 -. 7983E-03 -. 3979E-02
4 .3200E-03 .2597E-03 -. 2209E-o" .5138E-05 .1052E-05 -. 1581E--05

10-.10E-6 -. 1475E--05 -. 159SE--M .123q•E-O4 .2812E-03 .1282E-03
-. 122#E-02 -. 2627E-02 -. 2010E-02 .8266E-02 -. 2717E-02 .A?93E-05

".201E,-02 .8266E-02 -. 12":'IE-02 -. 2627--02 .2812E-03 .1282E-03
""-.5W--O .123,4E-O, -. 1O09E-06 -. 1475E-05 -. 7652E-06 -. 700BE-06

-. 634%c--O5 . lq0EuE-0" .210'#E-03 .2529E-,O -. 12£OE-02 -. 1530E-02
-. -. 1703E-03 .5TOE-02 -. 1638E-02 .5891E-03 -. 1703E-03 .574E--02

"-. 124-%E-02 -. 1530E-02 .210'IE-03 .2529E-0- -. 63iO0E-05 .l40E-Ojf
7-.652E-,0 -. 700SE-06 -. 6191E-06 .1107E-06 .13WE-05 .9966E-05

.1257E-03 -. 2197E-0 -. 997E-03 -. 7892E-03 .5611E-03 .3853E-02
-. T'2E-03 .61409E-03 .5611E-03 .3853E-02 -. 9'0TE-03 -. 7892E-03

.125TE-03 -. 2q9?E-0# .13'qE-0.5 .9066E-05 -. 6791E-06 .IIOTE-06
,.-.162-- .*B-"6 .3815E-.0 .37419E-05 .5928E-O0 -. 2506,E--04
-. 6716E-03 -. 4O07E-03 .7220E-03 .26#40E-02 -. 3319E-03 .A03E-03
'.722-03 .2640E-02 -. 6716E-03 -. ',O71E-03 .5928E--O -. 2506E-0•4
.38I•--05 .37f#E--05 -. 1620E-06 .40#48E-06 .260TE-06 .2642E1-06
.197IE-O5 -. ql•SE-06 .3078E-00 -. 3015E--05 -. 43821-03 -. 2773E-03
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.7"" -O) .1"61-01 -. 1&69E-03 .2152E-03 .1365E-03 .1"56E-02•.-q01"3-.2113[-03 .30701-.4 "-.301i1f-5 .1911E-05 -. 1#148E-06

.26OIE-.6 ,2,f-. .30SE-04 -. 880L•-07 -. 8330E-06 - .98381E-06
".325E-0', |O2F,.-O -. 3413E-03 -. 24W6E-03 .8085E-03 .1530E-02

: .-,1301E-'03 .l4 -03 .8OS5-03 .153E--O2 -. 3'413E-03 -. 2q66E-03
"" .325E-O4 .1029E-0Q -. 8330E-06 -. 983SE-06 .3053E-06 -. 8806E-O1

.?%44E-O? -. 259E[-0 -. |1926E-O5 .5928E-06 .4O09IE-O4 .34o0E-05
-. 331SE-03 -. ZO21E-03 .921IE-03 .116GE-02 -. 9365E-O0 .1529E-03':.9271E"03 .l11t1E-02 -. 3316E'-03 -. 2021E[-03 .140I1E-4OA .3402E;-05

I.1zw-0s .5828['-0 .7"q3E--07 -. 2591E-06
Tr NEAR FIELD COe9O)E•ll IS EZEE
IN FOrMT, 29XA1O , 25X)
((WVEE IWOW:JCdb);ROJ . ,#Y,3,l) JCOL=I,NPTU,:) -- IN FORMAT( 6( I,E1O '")
0. o. O. 6. O. 0.;: "0 . 0. 0. 1.- lq41#--01 -. 1186E[-01

0. 0. 0. ~ .0. 0.
0. 0. 0. 0. .3715E-08 .3755E-08

.3ý92.-06 .38q11E-07 -. 6589E.-.5 -. 1609E-0,q -. I1"8E-04 .5238E-03
".6•9M-02 -. 6392E-02 -. 1396E-01 -. 1085E-01 .6790E-02 -. 6392E-02

.1 -. 12E-0.4 .5239E-03 -. 6589E--05 -. 160E-.Oq .3592E-06 .3414E-07
.3715E-08 .3155E-O8 .909"E-0T .M753E-07 .42149E-05 -. 5067E-07

-. 6001E--04 -. O0TE-03 -. I129E-03 .195tE-02 .12147E-O1 -. 12'8E-01
"-. 127T-01 -. 8203E-02 . 12714E-01 -. 121#SE-O1 -. 11#29E-03 . 195TE-02
-. 60OIE-0.• -. 1077E-03 .42q4E--0. -. 5067E-07 .909 --07 .7753E-07

t.'392f-04 .Z751E-"0 .131?E-O4i -. 2420E-05 -. 2061E-03 -. 2636E-03
-.33E-03 .3916E-02 .1631E-01 -. 1792E-01 -. 109qE-01 -. 4660E-02
.1631E-01 -. 1792E-01 -. 3563E-03 .3916E-02 -. 2061E-03 -. 2636E-03
.1317E-.%A -. 2*#20E-05 .1392E-.0 .2751E-06 .96"iE-,06 .3452E-06
.214%.-04) -. 8981E-.5 -. 42,3E-03 -. 3882E-03 -. 3163E-03 .58MfE-02
. T7-'-01 -. 22q%-01 -. 8800E-02 -. 9509E-03 .1771E-01 -. 22A15E-01

"-.3163E-03 .584TE-02 -. 812142E-03 -. 3882E-03 .2145E-0- -. 8981E-05
.%.tW-0. .3452E-.0 .120BE-05 .500S4E-OT .233qE--O -. 168TE-4)

-. 6Z4OE-03 -. J#022E-03 .265'1E-03 .7210E-02 .16314E-01 -. 2585E-01
-. 636T1-02 .2295E-02 .1634.E-O1 -. 2585E-01 .265'E-03 .7210[-02
-. 62qAE-03 -. 1022E-03 .233&tE-.O -. 168TE--O .1208E-05 .50014E-07

* "- .8523E-". -. 3572E-06 .1960E--0 -. 2151E-O04 -. 728WE-03 -. 3126E-03

.1331E-02 .7708E-02 .1235E-01 -. 2782E-01 -. 3T21E-02 .1582E-02

.1235E-01 -. 2782E-01 .1331E-02 .7708E-02 -. 7286E-03 -. 3126E-'03
i .196,E-.O -. 2151E-O- .8523E-06 -. 3512--06 .1339E-06 -. q06OE-06

""- . lq52E' -. 220E"OA -. 7303E-03 -. 1798E-'03 .259qE-02 .7355E-02".'_.."(231E-02 -. 28M•-01 -. 1045E-.02 .5641LE-02 .6623E-02 -. 2805"E-01
-,-259%E-02 .7355-02 -. 7/303E"03 -. 1798E"03 .I1q521E"0 -. 2205E"-04•

.1339E-06 -. 10N)E-06 -. 385BE-06 .1353E-07 .1051E-0'# -. 2093E-44
. -. 6177E-03 -. 5251E-014 .3762E-02 .6351E-02 .3052E-03 -. 264WE-01

.1338E-02 .5q0E--02 .3052E-03 -. 26&Wl•E-O .3T62E-02 .6351E-02

'-."T'-03 -. 5251E-04 .1051E-OF -. 2093E- 4>4 -. 385SE-06 .1353E-07
-. 36SOE-06 .5i28E'-06 .6869E-05 -. 2012E-"' -. 5791E-03 .5370E.-"

.435E-02 .,932E-02 -. 55TSE-O2 -. 231TE-01 .3078E-02 .,4373E-02

.55TOE-O2 -. 2317E-O1 .4635E-OZ .1932E-02 -. 5791E-03 .537OE-0"

.6WE-5 -. 2012Eo-,0 -. 3650E-06 .5 12SE-.06 .520E-07 .7,,3E--06

.2347E-05 -. 1916E-Oq -. q805E-03 .1397E-03 .5095E-02 .3319E-02
--. 1020E-OI -. 1863E-O3 .3.7E-O2 .2810'-02 -. 1027E-.01 -. 1863E-01

.5095E-02 .3319E-02 -. &8ISOE-03 .1397E-03 .23Q7E-0• -. 1916E-0I4

.5209-O7 . T4.3E-06 .3078-O6 .504E•-06 -. 2641E--05 -. 1656E-04
-. 37q•E-03 .202SE-03 .5103E-02 .1722E-02 -. 1333E-01 -. 1339E-01

.qIIlE-02 .12T5E-02 -. 1333E-01 -. 1339E-O .510E--02 .1722E-02
-. 374"-03 .202E--03 -. 26stlE-05 -. 1656E-0" .'378E-06 .50'8E-06

.,4641E-06 .8302-OT -. 625WE-05 -. I197E-Olf -. 2676E-03 .2352E-03
*0.T6E-02 .3229E-03 -. 1169E-01 -. 8079E-02 .3762E-C2 .5651E-O0.

.7-. IE-.O1 -. 8079E-02 .4T76E-02 .3229E-03 -. 2676E-03 .2352E-03
6, Z -" -. 119E-O• .86lE-06 .8302E-07 .2362E-06 -. 17'4OE-06
?-.I )IIE-- -. 6652-E5 -. 1 7I E-03 .2361E-03 .sf06E-02 -. 7675E-03
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-. 1'45'tE -0 1 -. 3V42E-.02 .3219E-02 -.809-3eoae~-1-.3~EO
.'0'9202 .767!iE-03 -. M'OE-03 .23612-03 -. 71112-05-.82-O

- ~.2362E-06 -. 1740E-06 -. 383720 .137-6-.6'E0 -.36862E-05
-. 09-03 .2180E-03 .3300E-02 -. 15352-02 -. 1332E-01.8923

.263520 -E-02 - 0 .32-0 .195E-03 .330CE2-02 -81953E-03
-. 1059E-03 .21802-03 -. 562Wi-05 -. 3216E-5*.87-0 .1320

-. 12-6.6253E-07 -35812--05 -. 1909E-405 -. 6163E-049 .1991E-03
* 25M5-02 -. 203BE-02 -. 11140E-01 .1i032E-02 .2022E-02 -. 1894E-02
-.110 IIO -0l.032E-02 .25251E-02 -. 20382-02 -. 6163E-OM .1991E-03

*-.3581E-05 -. 9092-05 -. 1132E-06 .62-53E-07
THlE PEAR FIELD COMPONEtNT IS HPHI
IN FORPAT(29X,AIO / 25X)
C (MJVEEH(I ROW, JCObL)1R01=1 IM3, 1) JC0L=4,NPTU, 1) - IN FORM1AT6(1UX,EIO.4))
0 . 0. 0. '6. 0. 0.

*0. 0. -. 51482E-01 .21M5-01 0. 0.
-. 5482E-01 .217'5E-01 0. 0. 0. 0.
0. 0. 0. 0. .11833E-07 .14s53E-08
I 073F-05 -. 1826E-.06 .17372-03 .2961E-04 .99W~e-03 -. 1#612E-02
-. 30-01 .25-01 .65-02 -. 2080E-02 -. 5320E-01 .2Z75E-01

.99W~e-03 -. 49612E-02 .1737E-03 .2961E-04 .1073E-05 -. 1826E-06

.'.833E-07 . 11453E-08 .5895E-06 -.'4728E-07 .4591E-05 -. 16712-05

.5532E-03 .11572-03 .1260E-02 -. 8150E-02 -. 11852E-01 .2506E-01

.2921E-02 -. 3973E-02 -. '4852E-01 .2506E-01 .1260E-02 -. 8150E1-02
*.5532E-03 .11512-03 .11591E-05 -. 1671E-05 .5895E-06 -. 14728E-OT

*.1890E-05 -.5190E-06 .2350E-05 -. ,4306E-05 .8986E-03 .229*2-03
.5981E-03 -. 1011lE-01 -.Q413BE-01 .27314E-01 .3501E-02 -. 5536E-02

-. 413BE-01 .2T3stE-01 .5981E-03 -. 1011E-01 .8986E-03 .229,4E-03
.23502-05 -. 41306E-05 .1890E-05 -. 5190E-06 .30T7E-05 -. 183SE-05

-.1229E-04 -. 24145E-05 .1111E-02 .2991E-03 -. 6969E-03 -. 1058E-01l
.3281E-01 .28702-01 .3320E-02 -. 6680E-02 -. 3281E-01 .28702-01

-. 6969E-03 -. 10582-01 .1111E-02 .2991E-03 1.229E-0~ .2"'5E-05
.30712-05 -. 1838E-05 .290TE-05 -. 36172-05 -3139E-" I .1032-M~
. 12W~t-02 .2419&E-03 -. 2209E-02 -. 9912E-02 -. 23872-01 .28902-01
.244i6E-02 -. 731 e0E-02 -. 23872-01 .28902-01 -. 2209E-02 -. 9912E-02
.12WziE02 .24.96E-03 -. 3139E-44 .1073E-04 .29072-CiS -. 36172-05
I IPTE-05 -. 4698E-05 -. 3933E-4A~ .3330E-"' .1186E-02 .6762E-"~

-. 3579E-02 -. 8472E-02 -. 1534E2-01 .2803E-01 .1079E-02 -. T'66E-02
-. 153APE-01 .28032-01 -. 35792-02 -. 84T2E-02 .11W6-02 .6762E-04

*-.3933E-Oq .3330E-0'e .114TE-05 -.A96982--05 -. 1172E-05 -. 4221E-05-.281TE-0' .5353E-Cs# .10A.3E-02 -.171332-03 -. 45'#2E-02 -. 6603E--02
-.7661E-02 .2620E-01 -. 5007E-03 -. 7037E-02 -. T!.fiE-02 .2620E-01
-.45lf2E-02 -.6603E-02 .1043E-02 -.17832-03 -.2817E-04$ .5353E-04I
-.1 172E-05 -. 4221E-,05 -. 26872-05 -. 23914E-05 -. 3920E-05 .592'.-0'
.7879E-03 -. 3820E-03 -. 4966E-02 -. 4163eE-02 -. 1078E-02 .234992-01

-.1993E-02 -. 6099E-02 -. 1078E-02 .2349E-01 -. A19W6-02 -. 046382-02
.*7879E-03 -. 3820E-03 -. 39202-05 .59214E-04 -. 2687E-05 -. 2394iF-05

-.27202-05 -. 27142E-06 .19141E-04*'#Yh33E-04 .1489E-03 -.9f6682-03
-. 488CE>-02 -. 286SE-02 .44263E-02 .20D12-Ol -. 3150i-02 -.9786E-02

.4263E-02 .2001E-01 -. A98802-02 -. 2868E-02 .'9889E-03 -. 46682-03
* 19141E-0'f .14733E-04 -.27202-05 -. 2742E-06 -. 16092-05 .1072E-05
* 3042E-0'I .2523F-04 .23282-03 -. 42514E-03 -.9950E-02 -. 1105E-02
.82582-02 .15972-01 -. 38372-02 -. 3302E-02 .8258E-02 .15972-01

-. 4mi5CE-02 -. 1475E-02 .23282-03 -.9i2592E-03 .3"92E-04 .2523E-04
-.1609E-05 .1072E--05 -. 2681E-06 .1252E-05 .27002-09 .14713E-05
.77911E-O' -. 3116E-03 -. 3892E-02 -. 14882E-03 .1089E-01 .1165S2-01

-.9I051E-02 -. 18514E-02 .10892-01 .1166E-01 -. 3892E-02 -. q882E-03
.7791#E-014 -. 3116E-03 .27002-09f .14713E-05 -. 2681E-06 .1252E-05
.5220E-06 .63302-06 .15146E-09 -. 61,43E-05 .249972-0 -. 1985E-03
-33682-02 .1939E-03 .1223E-01 .7369E-02 -. 3889E-02 -.58592-03
.1223E-01 .7369E-02 -. 33682-02 .1939E-03 .249972-0'. -. 1985E-03
. 15,46E-04 -. 61,43E-05 .5220E-06 .6330E-06 .5546E-06 -. 9384E-07
.,452-4E-05 -. 67702-05 .3310-F-04 -. 1337E-03 -. 292i.E-OZ .72082-03
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.20,-E-02 .1&2E-02 .1035E-O1 -.. 2.14-03 -.2.. .E-.2 .1.19E-02
,-:..20,, E-OZ .629rt-o -.13,E01-.33E0 -23E0 .181S..o2

.103SE-01 -. 3231E-02 -. 2035E-02 .1629E-02 ,M266E-,O -. 13TIE-03
*-30'4E-" 1882.-AM -. 2435S-06 -. 3211E-06.;. ~THE WARM FIELD CORPNENT IS IHAN

IN FOIWTW29X AIO I 2SX)
((WAVEE* IROtWJCOL&); IRNI=I,R3,1) JCOL=I,NPTU, I) IN FORMAT(6(IX,E0O.f)m)
0. 0. 0 6. O. O.
0. 0. -:21T5E-01 -. 5q82E-01 0. 0.

".217SE-01 .51821•-01 0. 0. 0. 0.
0. 0. 0. 0. -. .798E-09 .4681E-OT

".2193E-"6 .97'13E-06 -. 3026E--0 .1628E-03 .I 13E-12 .934-0E-03
-. 22621--01 -. 5186E-01 0. 0. .2262E-01 .5186E-01
:-.13E-02 -. 93'9lE-03 .3026E.-, -. 1628E-03 -. 2193E-O6 -. 9Tq3E-06

".0T9E--.09 -. de681E-.O7 .8627.-O7 .5131E-06 .2279E-05 .21#22E-05
- 1226E-03 .1#264E-03 .680TE-02 .9835E-03 -. 2aT5E-01 -. 3T37E-O1
0. 0. .2275E-01 .A373E-0O -. 680TE-02 -. 9835E-03

.1226E-03 -A,26E-03 -. 2279E-05 -. 2422E-05 -. 862TE-07 -. 5131E-06
,7025E-06 .1310E-05 .5302E-05 -. 627OE-05 -. 2Q32E-03 .5032E-03
".66"TE--OZ .4509E-03 -. 1870E-01 -. 330ZE-01 0. 0.
.187CE-01 .3302E-01 -. 664TE--02 -,1509E-03 .232E-03 -. 5032E-03

-. 5302E-05 .6270E-05 -. 7025E-06 -. 1310E-05 .1957E-05 .1229E-05
.5896E-07 -. 2508E-0" -. 2914--03 ,A157E-03 .4787E-02 .1419E-03

-. 1099E-01 -. 2M3qE-0- 0. 0. .1099E-01 .23Q8E-01
S-.ft8OE-02 -,1149E-03 Z91qC.-O3 -. q15TE-03 -. 5896E-O7 .250SE-0.4
-. 195TE-05 -. 1229E-05 .2716E-05 -. f530E-06 -. 1813E-OA -. 339J4E-O'
A-, e68E-03 2711E-03 .2370E-02 ."0,4E-03 -. 3164E-02 -. 1762E-01
0. 2 0. .3164E-02 .1762E-01 -. 2370E-02 -0.504-03

,I86SE-03 -. Z711E-03 -.133%E-04 -. 2TI6E-05 .q530E-06

.1679E-0 .~ 2i632E-0 1  -.3539E-04 .1708E-04 .1134ES0 .5823E-02
.303-0 -155-02 0. 2 0.153 .3-0130. 02.15E0

.2761E-03 .13931E-02 .1883E" .253 .3 0 . 1
.18831E-06 .1533E--0 -. Z161E-03 -. 1393E-02 -.1II96E-M -. 5303E-04
.3539E-05 -. T08E-"0 -. 1679E-05 .2632E-05 -. 2894E-06 -. 3352 .-05

-. . 1614E-0 .124E-03 -. 2568E-03 -. 9325E-03 .q2823E.-02
-. 3403E-02 -. 1515E-01 0. 0. -. 3403E-02 .15E-05

.93M-03 -. 2823E--02 -. 14.E-03 .3256SE-03 . 3122E-0)3 -. 1616E-04
'..89*OE-03 .3359E-02 -.53191E-05 -. 1808E-05 -. 149SE-0 .3922E-0
".5So-5 -.5554E-03 -. 9024E-03 .5367E-02 .2139E-03 -. 662BE-03
"0 . 0. -. 2195E-02 .1528TE-01 .902,2-03 -. 436TE-02

".5338E-0' .555qE-03 .1406E-05 -. 392ZE--03 .3191E-05 .2180SE-02
,-.3508E-05 ."3321-06 .30 2:'-04 .3296E-0. -. 3039E-803 -. 6632F-03
-. 352E--02 .53902-02 .5397-03 ..533E0E-03 -.5 1 -8178O21-0. 0.S.5394-'03 . 118lE--01 -,354BE-03 -,5393E-02 .30)391E-3 .6632£-O

.-351E-05 -. 32W9e-04 .3501E-05 -. 287E-06 -. 1698E-05 .2892£-05
.-5339E--Oq A.IT2E-05 -. 62 -.E-02 .391E-03 .2302E-02 .52910F--02• -~.3808E0C -13•.O0 0. .580SE-.O .1339E-0

: -~~~.2302]E--02 -,5290E-0 .6277E-0 .4891E-3.33-0 .78-05
"".169SE-405 -. 2894E--05 ./510E-06 .2812E-05 .118SE'-04 -. 3128E-0O4

-. 7561E.-03 -. 1212E-03 .A0E-.02 .3910E-02 -. 6819E-02 -. 1072E-01
0. 0. .6819E-02 .1072E-01 -. 102.VE-02 -. 391CE-02

.15611-03 .1212E-03 -.AlUE-04 .31282-09 -. 7510E-06 -. 2812E-05
* .21032E-05 .1106E-05 .1170E-0 -. hq28E-0f -. 6215E-03 .2374E-03

.020E-02 .1772E-02 -. 8819E-02 -. 7157E-02 0. 0.

.8819E-02 .7157E-02 -. 072GE-02 -. 1772E-02 .6215E-03 -. 2324.E-03
S-.7�10-0, ,'.4428E--Oq -. 2103E-05 -. 1106TE-05 -. 7191E-06

1497E-."lqT- -. 3285E-04 -. 3315E-03 .3916E-03 .14200-F-02 -. 2231E-03
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-,9263-02 -.3275E-02 0. 0. .9263E-02 .3275E-02
-. 4200E-02 .2231E-03 .3315E-03 -. 3976E-03 .1g49"E-04 .3285E-04I -, O0E-o5 -7191E-04 , 3026rt-06 -. 1•392E-05 -. 2306E-o" -.10o42E-04-.7017T-04 .3496E-03 .2960o-02 -.1376E-02 -.8189E-02 -.57682-05

0. 0. .8189E-02 .5768E-05 -. 2960E-02 .1376E-02
TOI E -04 -. 3'%W6-03 .2306E-0- .10 42E-0M -. 3026E-06 .1392E-05

-. 9213E-04 -. 7802E-06 -.11420E--" .5T76E-05 .A391E-04 .2009E-03
.1764E-02 -. 1613E-02 -. 6303E-02 .1998E-02 0. 0.
.6303E-02 -. 1998E-02 -. 1766E-02 .1613E-02 -. 4391E-"' -. 2009E-03
..12o0-04 -. 5476E-05 .8213E-06 .7808E-06

L ýfiTHE WEAW FIELD COPPONENT IS HZEE
IN FORP 'T'29XAIO/• 25X)
"((0.AVEEN( IROWJC0.o:° I RO3=IO ,1 ) JCOL=I,NPTU,1) -- IN FORMAT(6( 1X,EI0A.))
0. 0. 0. 6. o 0. 0.
0. 0. 0. 0. 0. 0.
"0. 0. 0. 0. 0. 0.
0. 0. 0. 0. .1 -08 -. 1352E-07
-.842E-07 -. 55"E-06 .28736-06 -. 690W--04 -. 16002-02 -. 16•.9E-03
,.983.-02 .10472-01 0. 0. -. 9836E-02 -. 10*TE-.O1
.1600E-02 .1649E-03 -.2873E-06 .6".-0 -.7842E-07 . -06

-. 41132E--O .1352E-07 .5965E-07 -.3281.T-06 .9142--07 -. 5519E-05
-1254E-04 -. 9#054E-03 -. 5358E-02 -. 1555E-014 .2221E-01 .1739E-01
0. 0. -. 2221E-01 -. 1739E-01 .5358E-02 .1555E-04f
-. 125W-014 .1054E-03 -. 91422--0T .55192-05 -. 5965E-O7 .3285E-06
-. 3506E-07 -. 1572E-05 -. 29662--05 -. 1069E-04 .70T43E-04 -. 8663E-03--.9113-02 .1311E-02 .3444E-01 .1803E-01 0. 0.
-. 3"4E-01 -. 1803E-01 .9113E-02 -. 1311E-02 -. 7043E-04 .8663E-03

.2966E.-05 .10696-04 .3506E-07 .1572E-05 -. 1119E-05 -. 3#09E-05
-. 7668E-05 .1278E-06 .166TE-03 -. 1222E-02 -. 1124E-01 .3693E-02

.41576-01 .1238E-01 0. 0. -. 4157,-01 -. 12386-01

.1124E-01 -. 3693E-02 -. 1667E-03 .1222E-02 .7668E-05 -. 1278E-06
:.1119E-05 .3409E-05 -. 3533E-05 -. #104-05 -. 2677E-06 .2943E-04
.19186-03 -. 14148E-02 -. 11222-01 .63192-02 .141143E-01 .31412E-02

0. 0. -. 414f3E-01 -. 3412E-02 .11222-01 -. 6379E-02
-.1918E-03 .1"48E-02 .26772-06 -. 29,43E-04S .3533E-05 .14104tE-05
-.5925E-05 -. 2299E-05 .29544E-0" .5q499-014 . 1070E-04 -. 15672-02

-. 9295E-02 .86143E-02 .35562-01 -. 51914E-02 0. 0.
-. 3556E-01 .51914E-02 .9295E-02 -. 8643r--02 -. 1070E-04 .15672-02
-.295'#E-04 -. 49-4 .5925r--05 .22992-05 -. 6249E-05 .13002-05

-68E4M q919E-" -. 3810E-03 -. 110921E02 -. 6007E-02 .98B4E-0Z.26981E-01 -. 111SE-01 0. 0. -. 26932-01 .11182-01
.6007E-02 -. 98814E-02 .3810E-03 .1'592E-02 -. 6981E-09 -. sf919E -04

.29-05 -. 1300E-05S -. 3812E-05 .4356-05 .9268E2-04 .1051E-044
--. 80~46E-03 -.1136E-02 -. 217T2-02 .96 5-02 .1801E-0 -. 1,404E-0

0. 0. -. 1801E-01 .1q0qE-01 .21M7-02 -. 96455E-02
.804f6E-03 .1136E-02 -. 9268E-04 -. 1051E-04 .38122-05 -. ,4356E-05

-. 36W4-07 .4877E-05 .7911E-04 -. 37716-04 -. 1016E-02 -.5605E-03
.11672-02 .78572-02 .10232-01 -. 11422L.-01 0. 0.

-.1023E-01 .11422E-01 -. 11672-02 -. 7857E-02 .1016E-02 .5605E-03
-.7911E-04 .3771E-04 .362W2-07 -. 4875E-05 .2713E-05 .2785E-05
.35892-04t -. 6,952E-04 -. 8889E-03 .12072-04 .3123E-02 .5068E-02
1#2119E-02 -. 1214SE-01 0. 0. -.4249E-02 .1248E-01

-.3123E-02 -. 50682-02 .8889E-03 -. 1207E-04 -. 3589E-04 .6452E-"4
-. 2713E-05 -. 2785E-05 .30022-05 -. 1720E-06 -. 99702-05 -. 56122-04l
-.5121E-03 .3465E-03 .33762-02 .2295E-02 .3973E-03 -. 9676E-02

u 0. 0. -.3973E-03 .9676E-02 -. 33762-02 -. 2295E-02
.5121E-03 -. 34652-03 .99702-05 .5612E-0" -. 30022-05 . 120E-06
.1285E-05 -. 1999E-05 -. 32886-04 -. 2424tE-04 -. 11642-03 .3603E-03
.2-413F--02 .4#8i#8-03 -. 11412E-02 -. 6819E-02 0. 0.
0 '12E-02 .6819E-02 -. 21#13E-02 -. 48148E-03 .1164E-03 -. 3603E-03

.32882-04 .242'tE-04 -. 1285E-05 .1949E-05 -. 7263E-06 -. 1732E-05
-.26942-09 .61532-05 .96652-04 .16632-03 .1204E-02 -. 5656E-04
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18-. 15E-02 -.,762E-02 0. 0. .1815E-.02 .V762E-02
-o 12W•.-02 .5656E-0- -. 9665E-"0. -. 1663E-03 .269&E-0 4 -. 6153E-05

.7263E-06 .1732E-05 -. 15qT7E-05 -. 908E.-06 -. 6Q16E-05 .1731E--04

.85143E-0 -. 3222E-040 .5545E-03 .222 1 E-03 -. 1812E-02 -. 3754E-02
0. 0. .1812E-02 .3T5qE-02,-.5545E-03 -. 2224E-03
-. 8543E-o" .3222E-" .6416E-05 -. IT31E-09 .1597E-05 .2908E-06. -. 9'"89E-06 .9gTTE-06 .9136E-05 .9T29.-05 -. 3830E-04 -. 9682E-0..6221E-03 .5495E-03 -. 2172E-02 -. 3302E-02 0. 0.

2IT72£-02 .3302E,02 -. 6221E-03 -. 5s95E-03 .3830E-0. .9682E09•' '" .91361E-.05 -. 9729E-,,05 .91,89E--06 -. 91477E-,06
FREOM PCENtZINCH,AOFI,AOFP .R3 NPTU

".lqObt*04 .2000E+02 .2000E+01 .3000E+02 0. 11 16
IN FOP^T( 38X I S5 IX,EIO.1) 2( IX 110)1/ .5X)
(RHO( ),I=I,4PTO 1) -7 IN FORMVAt((lI* b.4lO )): " 0 . .100k01+O .2000E+01 .300FE+01

.-"1000oE+01 .5;000E+01 .60001E+01 .7000E+1E.
.8000E+0 .9000E+O1 .1000E+02 .IODE+02
.1200E+02 .1300E+02 .1qODE+02 .1500E+02

THE WEAR FIELD COMPONENT IS EPHI
IN FORMT( 29XAIO ./, 25X)
((WAVEED( IROWJCOL),IR0W1=I,fI3,,1)JCOL=,NPTU, 1) -- IN FORAT( U 1X,El0.fq))
0. 0. 0. 00.
0. 0. .3065E-01 .2680E-01 0. 0.

:" -. 3065E-01 -. 2680E-01 0. 0. 0. 0.
"0. 0. 0. 0. 1298E-09 .3098E-10

.37592-07? .1052E-06 .1820E-0' -. 1501E-09 -. 11514E-02 -. 2220E-03

.306o.-01 .2589E-01 0. 0. -. 3065E-01 -. 2589E-01
.1514E-02 .2220E-03 -. -1820E0 .15o1E-04 -. 3759E-07 -. 1052E-06

-. 1298-09 -. 30982-10 .1236E-08 -. 7036E-10 .2831E-0 .6 .,,8-06
.6282E-09 -. 57902-09 -. 2866E-02 -. 2635E-03 .3056E-01 .2324E-01

0. 0. -. 3056E-01 -. 2324E-01 .2866E-02 .2635E-03
-. 6282E-04 .57•0•-04 -. 2831E-06 -. T86E-06 -.12362-08 .7036E-10

.99132-09 -. 2751E-08 .89132-06 .2091E-05 .1103E-03 -. 1192E-03
"-.3906E-02 -. 1561E-04 .3015E-01 .19132-01 0. 0.
.301E--0 -. 3191E--201 .3906E02 .1561E0" -. 1103E-03 .1194E-03

-. 06, -.201-05 -.991,E-09 .•,-08 -.1,,E-oT -.1028E-07

.1991E-0 .3819E-05 .13692E-03 -. 1891E-03 -. 1516E-02 .5216E-03

.29114E-01 .1302E-01 0. 0. -. 2938E-01 -. 3192E-01
.45162-02 -. 52162-03 .1369E03 .1891E-03 -. 1991E-05 -. 3819-05

S.1081E-07 .1022-07 -. 4' 12E-07 -. 15020E-07 .366824-0 .5288E-05
.1294E-03 -. 2520E-03 -. 6112E-02 .1238E.-02 .2239E-01 .8502E-02

"0. 0. -. 2734E-01 -. 8502E-02 .846,2E-02 -. 1298E-02
-. 129'*E-03 .2520E-03 -. 36614E-05 -. 5288E-05 .9912E-07 .15092E-07
-. 9191E-07 .2695E-09 .5772E-05 .5776E-05 .88332-09 -. 2991f-03
-. 4308E-02 .20q2O-02 .2896-0-01 .3180 2 0.
-. 29#68E-01 -. 3180E-02 .3082E-02 -. 2004E-02 -. 8833E-04 .291u1E-03
-. 5772E--05 -. 5176E-05 .9191E-07 -. 2"95E-09 -. 1265E-06 .14113E-07

.7789-05 .,4823E-05 .2560E-09 -. 3052E-03 -. 3610E-02 .2633E-02.2132E-01 -. 199E-02 0. 0. -. 2132E-01 .1"9E9-02
.36 . 310E-02 -. 2633E-02 -. 2560E-04 .3052E-03 -. 6892T-05 -.9823E-05
.1265E-06 -. 1932E-07 -. 1201E-06 .9952E-07 .8922E-05 .2559E-05

-. 1#079E-09 -. 2631E-03 -. 26972-02 . 3019E-02 . A179E-01 -. 5069E-02
0. 0. -.1I7AI9E-01I .5069E-02 .26972-02 -. 3019E-02

.9f079E-09 .283sfE-03 -. 0922E-05 -. 2559E-05 .120 1E-06 -. 9952E-01
-. 71152-07 .1323E-06 .8614E-05 -. 2'#602-06 -. 9382E-094 -. 2357E-03
-. 1729E-02 .31202-02 .13q99-01 -.75572-02 0. 0.
-. 131#9E-01 .7557E-02 .1729E-02 -. 3120E-02 .93822-09 .23572-03
-. 661W2-05 .2460E-06 .7115E-07 -. 1323E-06 -. 952XE-08 .1197t-06

Z' .692A92-05 -. 2556E-05 -. 12372-03 -. 1761E-03 -. 8454E-03 .2967E-02
.9619E-02 -. 8914'-02 0. 0. -. 9619E-02 .89A952-02
.6454E-03 -. 2967E-02 .1237E-03 .1761E-03 -. 6924E-05 .2556E-05
.9523E-08 -. 1197E-06 .26782-07 .7127E-07 .4561E-05 -. 366DE-05

;i-41-
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IX. MICROFICHE OF THE LISTING OF THE FORTRAN SOURCE OF PROGRAM
PCOEF AND LISTINGS OF THE AZIMUTHAL COEFFICIENTS

The microfiche is 48X. There are a total of thirty-four fiches.
Thirty-three are listings of the azimuthal coefficients that were

written on the nine track tapes. The other fiche is the Fortran
Source listing of the Program PCOEF. Program PCOEF's source was
also included on one of the nine track tapes. It can be used to
read the azimuthal coefficients from the tapes.

The azimuthal coefficients are for a mine buried in one of three

soil types (silt loam either at 5%, 10% or 20% water content) where
eleven frequencies are used for the incident field (400, 500, 600,
700, 800, 900, 1000, 1100, 1200, 1300 and 1400 Mega Hertz). Each
fiche contains the listing of the azimuthal coefficients for one of

the thirty-three combinations of soil type and frequency.
Each fiche comes in its own package. All packages are labeled

," as well as each fiche.

The package, for the fiche containing the Fortran Source listing
p of the Program PCOEF, is labeled "SOURCE". The fiche is labeled

"SOURCE OF PCOEF".
The label on the package for the fiche containing the azimuthal

coefficients consists of the letter "C" followed by six digi _ The
first four digits are the frequency in Mega Hertz. The last two digits
are the water content in percent for the soil. Thus, the label

"C040005" Is for 400 Mega Hertz silt loam having 5% water content.

.*} •"While the label "C130020" is for 1300 Mega Hertz silt loam having
20% water content. The fiche containing the azimuthal coefficients
"is labeled with the frequency and the water content in percent. For
example the fiche for the azimuthal coefficients corresponding to an
incident field of 400 Mega Hertz for silt loam having 5 percent water
content is labeled "400 MHZ 05 PERCENT"; while the one for 1300 Mega
Hertz 20% water content is labeled "1300 MHZ 20 PERCENT".

For a detailed description of the azimuthal coefficients see
Chapter VII "Description of the files containing Azimuthal Coefficients

(sent via the nine track tapes)". For a description of the Program PCOEF
see Chapter VI "Description of the Program PCOEF (sent via nine track

tape)".
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.. .. ... .... ........



-°- - .

X. CONCLUSION AND RECOMMENDATION.

The Unimoment method was used previously to calculate the

scattered fields by a buried land mine 18]. There was some doubt on

"the credibility of the results because scattered fields were found

to be stronger at lower frequencies, contrary to the experiences of
MERADCOM scientists. By using a more realistic model of the groundF: parameters, we have indeed discovered that the scattered fields of

the dielectric mine buried in silt loam having a water content of 20%
are stronger at 1000 MHz than at either 600 or 1400 MHz which is

consistent with the experiences of MERADCOM scientists. This result
suggests that the operating frequency of the existing mine detectors

have been appropriately chosen.

The massive amount of calculated results obtained in this

work deserves attention, since it contains information that may be useful

for the improvement of mine detectors. Vie recommend: 1) that a program
to study these results be initiated to utilize it for engineering

purposes and 2) that an experimental program to verify the data be

initiated.

The present results are limited to mines which are buried at

"least 1.6" deep. Inwarfare, antipersonnel land mines are buried
almost flush.. The Unimoment method may be modified to compute flush

S' buried land mines. It is expected that a shallow buried land mine will

yield greater scattering than a deeply buried mine, thus enhancing the

probability of detection from shallowly buried mines. A third recommenda-
tion is that the present computer program should be generalized to compute

, -,, electromagnetic scattering from flush buried antipersonnel land mines.
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. ,Appendix I

A. Computation of Primary Fields

"A primary field is defined as the sum of the incident field

and the reflected field from the interface, without the scatterer.

Well known formulas of primary fields are available (for example

pages 299-301 of reference [111). For the sake of completeness

"we list the fields of both polarizations in MKS units as follows:

(i) The case of magnetic field perpendicular to the plane of
incidence, (00 polarization angle):

Referring to Figure I-1, the incident field is

H i nc e X e (Al)
y o

where Ox k sinO, $z k° cosO, ko -o

0
k -I c =2.99793 x 108 meters/sec
0 Of

The primary fields for z > 0 are:j$e
""E P = cose e [e a + pe3jzz] (A2)

,• j [i xX -_e i~zZ] (A3)

=: E sinO eX + pe 1(A4)
l•,:I:'•,-. ~y =H~x= HzP = 0

y x1 z

P ZL + e ZL =e[ - sin+ 11

Z','

•2 , ,• - .,, ..- .,, ... .. "' ' -" " " . "... . -" ". " "



%Z

900 polarization

d' polarization Ei

IncSHin OR

Inc09 H

Incno n
0X

ne

2e

"0 Vector points out of page

Vector points into page

The y axis points into the page and so the coordinate

. .system is right handed.

"Figure I-I

Field orientations of 00 and 900
Polarization incident waves
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Z =o no cose, e o -E00 e 0 e

.:-n .T 376.73 ohms
!0

E = E cost (AM)

EP ' HPsinp (AM)

; HPp H y siný (A7)
p y

. H: P cosH (A8)
| y

(ii) The case of electric field perpendicular to the plane of
incidence, (900 polarization angle):

Referring to Figure I-l the incident field is,

inc JaxxX ejYz
""E = e e (A9)

y

. where Ox ko sinO, ý = cose

The primary fields for z > 0 are:

EP e [ + pe J (AlO)
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HP cs ea r a 3 -jo~z (All)X noLs [ e zZ

HP X Z +-~z (A12)z no e e z+Pej Z

x z y

Z no /case

0 0

z -z
pL +a

L 0

EP EP sin4, (A13)p y

EP EPcos4, (AlN)
4, y

HP H cos4, (A15)p x

HP -HP sin4, (A16)4,x

L~. 48-
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(iii) The primary field for the case of 0 = 00, polarization

angle = 00, for 1400 MHz, at Z = 1 in. when the soil

is silt loam having a water content of 20% as used in

the sample data, may be found as follows:

= 15.6 - j1.869 (From Table 2 on page 12)•, e
4.

;. -ko 29.34 k0Z = .7453 (in MKS units)

-= 95.043 e' 0596  ohms

p = .5977 e

.E -EP sinO = (-.3089- j1.0974) sino
.1 x

- -(1.140 e jI.296) sinO for 0 = 0Q (All)

(iv) The primary field ior 0 = 30* of the same e.ase as in

"(iii) we have

xEP = cos 300 e z +pe I

F.. where Ox = 0 sin 300 = 14.671 [meter-l

z= k cos 300 = 25.410 [meter- J

8z = .64541

L -49-
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L nre 1 (f 2s) n

" 95.0,3 ej'0596 9 - jO00 1/2

j.059 -j .0008]
-, 9543e 6 (.99204 )

, 94.29 e

S. = rlo cose 376.73 cos 30° 326.27
0 0

ZL - _ o_ 94.29 e-j0587  326.27
-!••."ZL + Z e3.0587

L o. 94.29 e + 326.27

""-232.13 + j5.527 _ 232.20 e
420.38 + j5.527 j.01315.-- ,;i420.42e

=.;: .5523 j3.105

= .866 ej4. 6 7lx [ej64543+ .5523 e. 3 "10 5 e-J. 6 4 5 4

= ej1461x .866 (.7988 + j.6015) + (-.4286 +-j.3483

• (.3206 + j.8226) e 14671x .8828 ejI 1 9 9 ej14 6 71x

,EP "'-EP si = -. 8828ej[I'1991 + 14.671x] sinex

for e :300. (A18)
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3 B. Example of Computing the Scattered Fields for 00 Incidence

Using Set I of the file in Chapter VIII (polarization angle
"00) EPHI component at Z = 1 in. can be computed as follows:

(i) To compute EPHI for ' = 0°,(positive x-axis)

at p = 0, add the 11 complex numbers in block

labeled JCOL = 1. The summation of the block
S-• labeled JCOL = 2, gives EPHI for = 00,

:.. p = 1 cm, etc. For this particular incident

plane wave polarization, EPHI = 0 on the

x-axis as to be expected.

, (ii) To compute the same field for t } 0', say
= 3Q0, we use the formula,

M

Es am e
_M

"Since this is the case of 0' incidence, only
am with m ±1 are non-zero,

For p = 0,

E= a e- 3 0 ° + a lei 3 0

"0 0

- (.02202 + j.06676) e-30°- (.02202 + j.06676) ej30

- -2j(.02202 + j.06676) sin30 °

; .06676 - j.02202, for 0 = 00, 4 300, p 00 (BI)

L -51-



For p 1cni,

Ls

ES = (.02340 1. j.06498) e- ° (.02340 + j.06498) ej 3 0 °

= .06498 - j.02340, for e 0-, @ . 30 0,

.= cm (B2)

, 
-..-

',%

c-52
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3 • C. Example of Computing the Scattered Fields for 300 Incidence

Using Set II of the file in Chapter VIII, the scattered EPHI

component can be computed as follows:

(i) To compute EPHI for @ = 0°,(positive x-axis)

at p = 0, add the 11 complex numbers in block

labeled JCOL = 1. The summation of the block

labeled JCOL = 2 gives EPHI for 00 =00,

p = 1 cm etc. For this particular incident

plane wave polarization, EPHI = 0 on the

x-axis as to be expected.

(ii) To compute the same field for , = O, say
..) 30', we use the formula

-M

*

for p = 0, (only a with n = ±1 are non-zero), m

Es a 1  e-j300 + aej30c

"0,

- (.01663 + j.05757) e-j 3 0 - (.01663 + j.05757) ej 3 0

"= -2j(.01663 + ji.05757) sin30°

.,05757 - j.01663 for 0 = 30 0, 300, p= 0 (CI)

-3
. ..
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for p 1 cm (use data in block JCOL : 2 in set II)

-•.,.09 7 -J
Es = (-.7005 x 10 + j.122 x I es7 310

+ (.2098 x 106 + j.1158 x 10-5) e- 4 x 30

"* .' + (.1166 x 10- - j.3785 x 10-) e-j 3 x 30°

+ (-.2997 x 10-2 j.2090 x 10-2) e-j 2 x 300

+ (.1775 x 101 + j.5615 x 10-1) e-j 3 0

+ 0

-1
"- (.1775 x 10 + j.5615 x I0-) ej 30

(-.2997 x 102 - j.2090 x 10-2) ej2x 30

-"(.1166 x 10-3 j.3785 x 10-4) eD3 x 300

- (.2098 x 10-6 + j.1158 x I0-5) ej 4 x 30

- (-.7005 x 10-9 + j,1122 x 10- 7) ej 5 x 300

L-54-



Since the coefficients for m > 4 are negligible in comparison

to the lower order ones, we shall omit them in the following

summation, which gives:

Es 2j(.1166 x 10 - j.3785 x 10") sin90

+ 2j(-.2997 x 10-2 - j.2090 x 10-2) sin60

, + 2j(.1775 x 10-1 + j.5615 x 10-1) sin30°]

-[(.0000757 + j.0002332) + (.003619 - j.005190)
!L

+ (-.05615 + j.01775)] = .05245 - j.01279

for 0 =300, 30, p=1 cm (C2)

-i

..5.

-I, . . . - . - - - - - - - - -

-' . - *,-

- - - - - -'



D. Example of Computing Total Fields for 00 Incidence

Using the file of Chapter VIII, the total EPHI component

at z = 1 in. can be computed as follows:

Mi) To compute total EPHI for * 00, (positive x-axis)

at p = 0, simply add the primary field to the

' scattered field computed in (B). Using formula (A6)

at * = 0% we find EPHI primary to be zero. From

Section B(i) the scattered field for this component is

zero. Thus, as expected, the PHI component of the

total electric field is zero along the x-axis.

"(ii) To compute the same field for € 0', say @ 300,

we add the primary field to the scattered field

already computed in (B). Using the formula (A2),

"(A6) and (A17),

E = (-.3089 - jil.0974) sino

==-.1545 - j.5487 for e = 00, * = 301 (DI)

The primary field is independent of p because

o 00.

Using B1, we find the total field is

E E + EP = (.06676 - j.02202) + (-.1545 - j.5487)

so

E = -. 08774 - j.5702 = .5769 e-J1.723

for =0°, 0 =30$, p3= 0 (D2)

L-. -56-



3 •In the time domain

E.(t) R R(5769&i1723 ejw .5769 cos (wt - 1.723)

for 3=00, =3 0 , p = O° (D3)

Using (DI) and (B2) we find

E= E + EP = (.06498 - j.02340) + (-.1545 - j.5487)

: - .08952 - j.57210 =.5791e"J"7260

for 0=0°, =300 , p cm (D4)

In the time domain

E(t) = Re 5791e-'I-7260 ejWt = .5791 cos (wt - 1.7260)

for 0=00, * 300, p = cm (D5)

n

L -57-



N E. Example of Computing Total Fields for 300 Incidence

The total EPHI component at Z = tin. at 300 incidence can

be computed as follows:

S(i) To compute total EPHI for 0 = 0, (positive axis) at

p = 0, simply add the primary field to the scattered

field computed in (C). Using formula (A6) at 4) 00,

we find EPHI primary to be zero. From section C(i), the

scattered field for this component is zero. Thus, the

* •PHI component of the total electric field is zero along

the x-axis.

(ii) To compute the same field for 4 • 00, say 4 = 300,

we add the primary to the scattered field already

computed in (C). Using the formulas (A2), (A6), and

(A18),

EP = -. 8828 ej[1 . 1 9 9 1 + 14.671x] sinO

"and since x = 0 at p = 0

mE -(.3206 + j.8226) sin 300 = -. 1603 - j.4113 -. 4414ej1.1991

for = 300, 4)=300, p = 0 (El)

for P O, we use x = p cos4

E= -. 8828 e~ 1"19 9 1 + j14.671(p cos 300)] sin 30

"= -. 8828 ej(1. 19 9 1 + .1271) sin 300

- -. 8828 ej1" 3 26 2 sin 300 = -. 1069 - j.4283

for = 300, )=300, p= 1 cm (E2)

[. -58-



Using (Cl) and (El) we find that the total field

E = E + EP = (.05757 - j.01663) - (.1603 + j.4113)

"" -. 1027 - j.4279 = .440le-j1" 8 0 6

- for 0= 300 , = 300, p =0 (E3)

"In the time domain

Et R e(440le 106 ejo= .4401 cos(wt - 1.806)

for =300, 300, p = 0 (E4)

Using (C2) and (E2) we calculate for the total field

,E = ES + E = (.05245 - j.01279) - (.1069+j.4283)

-. 05445- j.4411 = .4444e-j1' 6 9 4

for 0 300, *:300, p = 1 cm (E5)

In the time domain

" E@(t) = Re .4444e-&il 6 9 4 ewtj .4444 cos(wt - 1.694)

"for 0:300, *=300, p lcm (E6)

' :" -59-
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Appendix II

Source of PCOEF
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PROGRAM FCOEF(INt•UT,rAPE1PGINPUT,TAPEig,
£ OUTPUTTAPE6=oUTPUT )

(C

C THE PURPCSE OF THIS PROGRAM IS TO PRINT THE AZIMUTHAL COEFFICIENTS
C THAT ARE GOING TO 3E DELIVERED TO THE ARMY.

C

C THE MAIN PART OF TWIS ORCGRAM WAS LAST CHANGn.D ON
C - JA4UARY 193'2
C

VAC

COMPLEX AZIC(15915,6)
C

[:: C DIHENSICý RHO(6) ,-HOC (16) ACO,4P(6),NCCMF(6),RCOP{6),m(1=)

C NOTE ONL0 UP TO THE FIRST 15 AZIMUTHAL COEFFICIENTS FOR EACH
•.C COMPONENT AT EACF RHO Z POINT PAIR CAN LE USED* ALSO NOTE THAT
C THAT TAPE, ITAPE.I, MUST HAVE EXACTLY 16 RHO VALUES FOR EACH 7.
C FURTHER PORE THEY ýiUST BE APPROXIMATELY AS LIS7ED IN THE ARRAY,

* C RHOC.
-'C

DATA !R/I/I9TAPEI/l3/,MDIM/i5/,MAXFTS/16/,NPTSC16/ ,IFLAGE/l/
C

"DATA R1OC/O.,t0.,,3.4v5av.,6.97.,8.,9. pOI.,tI. t12.s13.,14.,i5,/
C
C THE ALLC0ED NAMES OF THE FIELD COMPONENTS WILL NCW BE SFT*

DATA ACOtP/IH EPHI ,9OH ER•.O ,IC4 EZEE
i 1OH ETAO*HPHI,±OH ETAO*HRHO,IOH ETAU*FZEF/

.-"C THE NAMES OF THE FIELD COHMPOWENTS 4F'ICH 141LL BE USED BY
C SUBROUTIýE WAZIC IN WRITING THE RESULTS IN A HUMAN REAEA9LE

C FORM WILL NOW Si SET.
C

DATA WCOPP/1OH EPHE ,±011 ERHO ,iCH EZEE
' -OH HPHI ,9OH HR4HO ,IOH HZEE. /

DATA IUNITR/1O/,IUNITE/16/,IUNITOIi6/
C

DATA ISET/O/
C
C

1 CONTINUE

C THE DESSED COEFFICI"hNTS HAVE 9SEN 03rATNED FLAG WILL .F L.NSr.T.

IFDES= ISET+i
C
C SUBROUTErE READIN READS THE INPUT FILE, THE INPUT FILE

v i C HAS THE INFORMIATION CONCERNING THE FREQUENCY IN VEGA HERTZ,
C THE WATER CONTEENT OF THE SCIL IN 0ER CENT, THE ANGLE OF ITtCInENCE
S C IN DEGREES OF TFE INCIDENT PLANE WAVE, AS WELL AS THE ANGLE OF
C POLARIZATION IN DEGR;CES CF THE INCIDENT PLANE kAVE. ALSO, THE

" C DISTANCE IN INCHES A3OVE THE GROUND WHERE THE NEAR FIELDS APE
C EVALUATEC IS READ. SUBROUTINE READIN REAGS T-E NUMBEP CF OIFFERFNT* r C COMPONENIS OF TH-- NEAR FIELD THAT ARE TC 3E PRINTED IN' AO0:TIO TO
C THE NAMES OF THE COMOONENTS IN THE ORDEP THEY ARE TO BE PRINTED,

S C
'•:.1 . K- . .. 2r..- -.. 2 7 . . . . ..T.. -61- .. . . . . ... ...
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ii CALL REACIN(iUNITE, IUNIT.R,
± FMHZW, FCENTW, A OFIW,AOFPWZ INCHW, NCCMPRCCMP)

C SUBROUTINE COHCHK CHECKS TO 36 SURE THE COMPONENT NAMES AP.
SC ALLOWED.

CALL C O,"tCHK(IIJNI.T ,AtCOMP ,NCO.'PRRCCPI

C SUSROUTI1E RWIWIZ MAKES THE FIRST READ TO TAPEI, THE TAPE WHERE
-• C THE AZIMLTHAL COCFFICIENTS ARi STORED. SU3ROUTINE RWIWIZ WILL
- C READ IN THE AZIMUTHAL COEFFICIENTS OF THE NEAR FIELD)¶ THAT

C CORRESPONO TO ONE INC1DENT PLANE WAVE.

CALL RWIýIZ (IR, ITADEI,9IUNITE,I "IAX FT SFREf)M'.,PCENTZINCHA OFIAOFF,

2 MUSEDhPTSJtRHC, ,lDIM, AZIC):: " C

C SUBROUTINIE TCHECK MAKES SURE THAT THE USER HAS SPECIFIED A
C FREQUENCY AND A PERCENTAGE WHICH IS IN THE FILE.
C

"CALL TCHECK(IUN:TE,F1HZW,FREQMHPCENTWPC-.NT)
2 CONTINUE-: C

S"c SU3ROUTINE !DZCHK OETERMINýS IF THE LAST READ OF TAPE9 TAPEI,C READ THE DESIRED COEFFICIENTS.
C CALL IPZCHK(AOFIWAOFItOOFP~,AOFPZINCHW, ZINCH,

"."I ISET, IFDES)
"; C
C IF IFOES IS SET THEN TH-E LAST READ D:0 OBTAIN THE DESTREC
C COEFFICIENTS.

c IF(IFDES !E. SET) GO TO 4
3CONTINUE

C THE LAST READ WAS NOT FOR THE DESIRED COEFFICENTS.
I C SO ONE HCRE READ WILL BE ATTEMPTED.

,'" C

CALL RWIWIZ(IRITAOEI,IUNITE,
.i MAXFTSFREQMH,PCENTZINCHAOFI, A FF,

-" 2 MUS.D, NPTSURHO,1DIM,AZIC)
GO TO 2

4 CONTINUE
C
C THE LAST READ WAS FOR• THE DESIRED COEFFICIENTS.
C
C SUBROUTINE RHOCHK 4AKE.S SURE THAT THE RHO VALULS ARE

• C AT LEAST APPROXIMATELY AS EXPECTED.
C

CALL RHGCHKU{UNITE,NTSURHONFTSC, RHOC)
" " C

C SUBROUTINE LOADM LOADS THE ARRAY M WITH THE AZIMUTHAL CROERS
C OF THE CCEFFICIENTS.

-. • C
CALL LCA[ M(IUNITEMUSEJ, M)

"6 c
c C EACH LOOF TO 5 CONTINUE WILL PRINT THE AZIMUTHAL COEFFICIENTS
C OF THE SERIES WHICH REPRESENTS ONE OF THE COMPONENTS OF THE
C SCATTEREC FIELD.

* . DO 5 I=I-,NCOmP,
P.COMPE==C OHP (I) -62-



C SUBROUiTINE CIjume WILLU RETURN THE COMPONENT INDEX.
r C

CALL Ct'iJý2(IUrJITE,RC)MPEACOMP,ICOMP)
/~ C

C SUBROUTIN~E WAZIC WILL PRINT THE COEFFICIENTS.

IFLAG= IFL AGE
IF(ICOýF .GT. 3) IFLAIG=IFLAG+i
CALL WAZIC(IUNITON1DIMRHOIFLAG,4USEoi,

i MMeAOF ItAOFP, ZIICH9P0OMPEvWCCMP( ICOMP) 9AZIC (,lICOJ )
5 CONTINUE
6 CONTINUE

STOP
END

L



SUBROUTUE CNUME(I'JNITERCOMPEACOPP,ICOM4P)

( C THIS SU-IFCUT114E SETS ICOMP EQUAL To THE INDEX NUtF8EP OF
C THE ELEMENT OF ýRAPRY, ACCMP9 THAT IS EQUAL TC RCcOMPEO
C IF RCOMPE IS NOT EQUAL TC ANY OF THE ARRAY ELEtCENTS THEN
C THE USER IS SO INFORMED AND THE PROGRAM IS STOPPED.
C

.>C THIS SUBROUTINE WAS UIAST CV-AýGED ON 5 NCOVEMER 1%ý-i*
c
C

DIMENSI10 ACOMP(6)

I. CONT(INUE

C FOR THE SAKE OF EFFIZCIENCY S0ME LOCAL VARIABLES WILL BE SET EQUAL
C TO SOME CF THE PARAMETERS.
C

RCL OC=RCC MPE
DO 2 I=I,6ti
INOEX=I
IF(RCLCC *EQ. ACOMP(t) GO TO I

2 CONTINUE

C ROOMPE OCES NOT VATC3A ANY OF THE ALLOWED VALUES*

102FORM AT(1K.,
11H ,25HTIFIS 'AS SUBROUTINE CNUHE.,/t
21.H 929H'At ERROR HAS '3EEN DISCOVERED.,P/,
3iH 945HRCOMPE DOES NOT EQUAL AN4Y OF THE ALLOWEED VALUES*,t2(!H ,/),
41H 1'1HACOMP(l) = A10913H ACOVP(2) , Aio,131, ACOV'P(3) = Ajo

* -61H tiiHACQHP(4) = 9AIGq,13H ACOMP(5) =,AiC,13H ACOMAP(6) = 9A10
7 ./9
81H ,±iH RC04PE = vAl~,2(' -H P/),-
91H ,43F'TIIS' SUBROUTINE WILL NEXT STOP THE PRCGFAMS)

STOP
3 CONITINUE

* ICOMP=INCEX
RETURN

* END

L -64-



rSUBROUTINE COM1CHUKUN IT E ACC MP-NCOVP, RCOtc))
C
C TI UFU~h HCSTEFRTN~PLEET FTEAkY
C RCIMP, C-CMPARI,- triE4 10 THE ALLOWABLE SErINGS, IF FAC!- CF TWE

h-C FIRST NCCYP ELEMENTS EQUAL ONE OF THF ALLOWABLL VALUES THEN THIS
o SL13ROUTINE TAKES NO FUTHER ACTION. 1P JUST ONE OF THE FIFST
C NCOMP ELEMENTS OF RCOtIP OOES NOT EQUAL ANY Or THE ALLOWABLE VALUIES
c THIS SU9ROUTINE" SO INFORMS THE USER AND THEf-N STOPS THE PPOGRAM.
C

C THIS SU9;OUTISWE WAS13 LAST CHANGED ON 5 NOVE-H;3E-R 1981,
C

C

I. CONT IN UE
*C

C FOR THE 'CAKE OF EFFICIENCY SOME LOCAL VARIABLES WILL 9E SEr FCtW~L
C TO SOME CF THE PARAM-ETERS.
C

IUN'IT= ]UNITE
NUMB=NCC14P

C
C EACH OF TF-E FIRST ko OCOMP ELEMENTS OF ROOMP WILL NCW EE CtHECKEC.
C

DO 7 =!PMt
RCOMP I= RCCMP(I)
00 2 J=1,6,1

* ACOMPJ=ACOMP(J)
IF(RCO1ýPI oEOo ACOM~PJ) GO TO F,

2 CONTINUZE
3 CONTINUE

C
p C THE ITH ELEME-NT OF TAE ARRAY, RCOO?, DOES NOT EQUAL
C ANY OF TFE ELEMEN.TS OF THE ARRAY, AC3'iP9
C

*-WRI TE (IUNITt10 03) 19,(ACO 0 P (K) 9K~i,6 ,1)
£003 FORMAr(it± UROTN OMH'/

jil 926HTFIS ISSURUIECMHj/
21H #29HAt ERROR HAS 3EEN D'ISCOVEPERD.9/,

3H vigHTFE ELEN11NT NUMBER lii,26H OF- ARRAY, RCCFP, DOES N0T,/v
41H ,55HECLAL ANY OF THE ALLOWEC VALUES PASSEID IN ARRAY, ACOM,"o
5 2(11- ,f),
61H ,I'iHACCtIP() P A40.913H ACCMP(2) = sAiO,±3FH ACOt"P(3) = Al^

81H 911HACCMP(4) v AlIO,13P ACOMP(5) = AID,13H ACGVP(fS) = Aj0)
SCONTINUE
00 5 KZvN'LMB,1
WRITE(IUNIT,1004) KiRCOMP(K)

1004 FORMAT(f
iiH , 6hPCCMP(vI1, 4H) ,AiO)

5 CONTINUE
W.RITE(IUN'IT,±OG5)( 100 5 FORMAT (i- v/,

jiH 14311T1-IS SUSPOUTINE WILL NENT STOP THE PROGI'AN.)
STOP

5 CONTINUE
C
C THE ITt-. ELEMENT CF THE ARRAY, RCOMP, ElUALS THE JTH
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4 C ELEMENT CF THE ARRAY, ACOMP.

7 CONTINUE
C

*';• C EACH 3F ThE FIRST .'-4COH: ELEMIENTS OF THE ARRAY, RCOHP,
"C EQJAL CNE OF THE ALLOWABLE VALUES.

RETURN
END

-°
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. SUBROUTI!E EOFILE(IUNIT,ISET,IENCF)
C

C THIS SUBROUTINE CETERMINES IF ON A PREVIOUS READ OF UNIT, IUNIT,
C THE ENC CF THE FIL, WAS RE'ACFEO.

C THIS SU3.GUTINE WAS LAST CHANGED ON 24 JANUASY 1981.

C

"I, CONTINUE.

IF(EOF(ILNIT)'T 2,3,2
* 2 CONTINUE

C PREVIOUS READ EhCOUNTERED THE END OF THE FILE.
- -' C

IENOF=ISET
3 CONTINUE

"RETURN
ENO
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t SUBROUTINE IPZCHK(AOFIWAOFIGAOFPIý,AOFPGZIN-,ChW,ZINCHG,
I. TSETIFLAG)

C

C THIS SU9POUTTNE COMPARES AOFIN To AOVIG, AOFPW Tr Ar)PPG, ANG
12 c ZINCHW TC ZINCHG. IF ALL CCHP4ý?ISONS ARE CLOSE THtFN IFLAG IS

C SET EQUAL TO ISET. OTHERWISE Tf-E VALJE OF IFLAG, IS NOT CHANGED.
C

* C THIS SUPROUTINE WAS LAST CHAN'GED ONf NOVEMBER 1931.
C
C

DATA SPALL/I.E-3/
C
C

I. CONTINUE
AD SI C=A8S (AOFIW-AOPIG)
IF(ABSIO .GT. SMALL) GO TO 5

2 CONT INUE
A8SPO= ABE CAOFP W-A OFP!;
"'F(ABSPC .GT. SI'ALL) GO TO 5

3 CONJTINUE
ABSZO=A~r (ZINC HW- ZINC14G)

17IF(ABSZC- .GT. SMALL) GO TO 5
CONTINJUE

C
C ALL COMPARISONS ARE CLOSE.
C

IFLAG=ISET
5 CONTINUE

RETURN
ENE)
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I

• SUBROUT[IN E LOADM(IUIJTTE,MUSEOt )
"' ~C

( C THIS SU3ROUTINE SETS THE FLEVENTS OF THE ARRAY M TO 74E AZIMUTHAL
S[ C ORDERS OF THx COEFPICIENTS THAT WILL BE PRINED. T1EY WILL Ei iN

C THE ORDER THEY ARE TO BE PRINED.

C

C THIS SUPROUTINE WAS LAST CHANGED ON !7 NOVEMBER 1981.
C

K; C
DIMENSIOt ( M&(USED)

i CONTINUE
C

* C FOR THE SAKE OF EFFICIENCY SUM7 LOCAL VARIABLES WILL BE SET EQUAL
C TO SOME CF THE PARAMETERS.
C

IUNIT=ILNITE
.-TOTAL=!CSED

C
"* C HUSED IS THE NUM3ER A4ZIMUTHAL OODERS JSED• THIS NUMBrR SHOULD BE

SC ODD SINCE IT IS ASSUMED THAT THE SMALLEST ORDER USED IS THE
C NEGATIVE OF THE LARGEST ONE USED AND THAT THE ALL THE ONES IN
C THESE LIýITS ARL USED AS WELL. IT IS ALSC ASSUHEC THAT THE

* C AZIMUTHAL ORDERS ARE IN ACSENDING ORDER.
C

MPOS=MTOTAL/2
i MCHECK= ,MTOTAL- (2*MPOS)

IF(MTOTAL .GT. 0 ,ANJ, MCHECK *EO, i GO TO 3
2 CONTINUE

WRITE(IUI'IT,9002) 4TOTAL
1 032 FORMAT(ILA

iMH ,25HTIIS IS SUBROUTINE LOAD,/,
21H ,29HAt ERROR HAS 3EEN DISCOVERED,/,,
31H v39HNL'SED SHOULD af. A POSITIVE 000 INTEGER.,2(iH ,I),
41H p 9H t'USED = ,I!0,2(1H ,/),
51H ,43HTIIS SUBROUTIJE WILL NEXT STOP THE PROGRAM,)S"'" STOP

S3 CONTINUE

MVALUE:- I POS
SD00 4 IM=dIHTOTALE

fl -(IM) =M ýALUE
"MVALUE=M ALE÷E+1

4 CONTINUE
5 CONTINUE

RETURN
"EN3
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Lo
SUBROJT TNE RCNAME (IUNITR ,NUM,RCOMP)

C

C THIS SIJ3ROUT INE READS FRCM UNI7*, ILINITR, THE NAP~ES CF THE
C COMPONE&NTS TO BEf PRINJTED*

*C

C

C
C

I. CONTINLUE

C
C FOR THE SAKE OF EFFICIENCY' THE UNIT NUMBFR PASSED AS A PARAMETER

* C ILL E. ST-0 A LOCAL VARIABLE:.

* ~IUNIT=IUI.ITR
* ~REAOUIUNIT11iO1l) (RCOM'(I)*Tt~jN'J9j)

-*i±OO! FORMAT(6A.O0)
-2 CONTINUE

ENRETURN

E N
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I-SUBROOTINE REA DIN( lUNITE i UNITR,
I FR-O"1HPCENTAOF,4'tOFPZINCHNtCCMIPF:ýCC'P)

C

< ( C THIS SU3RCUTINL READ:3 FRG-M- UNIT, IJNITR, THE !NCM~ON NýEi EC
*C TO SFECIfY W-iAT THE USER WANTS PRINTED. THE INFOIFýAT!ON IS T14E

SC FREQUENCY IN MEG-A HERTZ, THE PrRCEINTAGE CF THtE WATER CON~TENT TH47
C IS IN THE SO:L, TH,: HEIGHT A30'JE THE GROUND IN INCHES THAT THE

*C NEAR FILELDS ARE TO BE PRINTED, THIE NUM2E9 OF DIFFEREINT COMPONENTS
C TO BE PRINTED, ANC THE NAMES OF THE COI'PONENTS TC EE PLOTTED,
C
C
C THIS SU?rFOUTI-NE WAS UAST CHANGED ON 13 NOV- 'ER 198.1.

C
*C
* .. CIMENS ICN RCOMP (6)

C
C

DATA ISET/O/tIL'NSET/1/
C
C

I. CONTINUE
C
C FOR THE SAKE OF EFF7I(,JcINCY THE LUNIT N1UMBERS PASSED AS FARAMETERS
C WILL BE SET TO LOCAL V/ARlAf'LES.

IEPRRIU-NITE
IREAO= IU!N TR

*C
SC THE FOUNC END OF FILE FLAG WILL NOW 37- UNSET.

C
IENDF= IUN SET

CIS ED Fl~~
C THE FIS EDO JIILNITR, WILL NOW 3E GONE,

C
READ (IREAD,1~00) FHH7,PCAIAP.ZRIJUM

1031 FORMAT (lXF9*4j5Fi0*%~)
C
C IF THE END OP FILE MARK WAS READ BY THE LAST REAr A SERIOUS ERRýCR
C HAS EEEN CTStýOVEREO. SUBROLUTINE EOFILE DETERMINES IF THE PREVJIOUIS

- C READ OF LNIT, IUNITRI ENCOUNTERED THE ENC OF F.ILF M4At.?K.

-. CALL EOFlLE~lREACISET9IEN0F)
IF(ISET NtE. !EINF) GO TO 3

2 CONTINUE
C

-,C THE END Cf FILL, MA?:K WAS 'ENCOUNTERED DURING THL FIRST READ
C OF UNIT, IUNITR, THE IJSER WILL PE 'SO INFORMED ANE THEN THE
C PROGRAM I.ILL 3E STOP0 ED.1
C

WRITE('IE9F,1J2)IREAfl
1002 FORMAT(1I-1,

* ** 11H ,?926 SI SUBR"OUTINE RUAD-N. 9/,
21H t29H-At ERROR HAS 3EEN OISCOVERED.9/i
31$ t ,3BHREACHED THE ENO OF THE FILE ON UNIT t3/(41H v25I-b.FTER ONLY TH.- FIRST REAO.,f,
51 9i 43PT1-S SUBFOUTINE WILL. NEXT STOO TH4E PRCGfkA?.)
STOP

3 C ON TI1N4U&E
NUM=IFIXe(RNU*-l.cF)

* . C -1



C NUM SHCULO B'-- A POSrI"7V; ItTEG-..ER LESS THAN O R LOUAL TO 6.

C
IF(o *LT.* NUM oAND. NUM 9LEo 6) GO T*O 5

* -. 4 CONTINUE

C
C AIN ERROR HAS 3EFN JISCOVERED.

C 1ITE(IEfi) NMUMF1ZP,,",

1004 FORMAT (i~lt
-. ilH'26HTI-IS ZS SUBROUlTINE REAo:N.,f,

21H ,29HM ERR HAS ?EEN flISCOVERED.9f,
3114 ,53HPCOMP SHOUL3 -3E A POSITIVE AUM19ER LESS !HAN GF EflJAL TC 6.
4 ,2(IH ,/),

5H 9H RNUM1 *ECL J qH NCOMP = tIiG v/
6iH g HFFFQMi E1 ,EIO4,L7A1 9H PCENT = Ei94
71H ,9H AOFI P E10.49±1it 9H AQEP = pEjo.4v/v
8iH ,9H ZINCH =..i,(H v/),9
91.H 929HNCCMP WILL 3- ~ EQUAL TO 19)

5 CONTINUE
C
C SUBOUTII'E R0ONAME AILL N014 READ FROM UNIT, IUNITF9 T'wE FIELD

C COMPONENTS 'HE USER WAN1TS PRINTED.
c

CALL RCNAfAE(IREA0,NUlRCCtAP)
*C

C IF ON' THi LAST FEAJ O THE UJNIrINI, THE END OF FILE 14K A
C READ THE1ý A SERIOUS M1ISTAKE FAS )CCURED. SUIRCLTINE EOFILE
C DETERMINES IF TH-E ORFVIOUS REAC OF UNIT, IUNTTRt ENCOUNTCREDO THE
C E.N] OF FILE MARK.

CALL EOF ILE(TREAE, ISET, ENPnF)

IF(ISCT .14E. It:NCF) GO TO 7
5 CONTINUE

C THE END CF: FILES INARK W.*S ENCCUI\YE;.R--O )UP.I'G THL SECOND R\-Ao
* C OF UNIT, IU.N:TP.9 THE UJSER WILL IE SO INFORM1ED AN[ THEN THE

C PROGRAM ý ILL BE STOP 0)ED*
C

±06WKITE(IEF A. G6IREAD

11H ,26HrI-IS 1S SUBROUTINE FEADII4.9/,
2iH t29HAt ERROR. HAS SEEN DISCOVEFED*./*

3~. ,~HR -0HE THE "NO OF THE FILE ON ON'T t19/
41H , 27HA F ER ONLY THE SECOND READ., I,
51-H ,Li3f-TI-IS SUBROUTINE WILL NEX7 STOP THE PRCGFAM*)

7CONTINUE

C DEMONSTPAITE THA T NOThAING ELSE READ FROI THE UNIT, IUNITR, IS USEC.
C

3 CONTINUE
C

* C THE LAST PEAD DID NOT ENCOUNTER THE END CF THE FILE*
C

READ (IREAD,1008 )DUINV
S 1003 FORMAT (AIC)
C
C CHECK TC CýJ.T9`NINE IF THE PREVIOUS READ CF UNIT, IUNITP,
C EiNCOUNTE;ZED THE END CF THE FILE. SUB"3UTI4E EOF ILE PERFO;MS
C T HIS TASK.
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CALL EOFILEClREA0,!SET,rEN0F)
~ALIF (ISET *EQ. I ENDOF) G0 TO 10

GOTO 8

IC J 01T IN UF FIL
C

C BEFORE~ PE.TURNIfNG S--V~.RAL O)F TIH:. PARAMETEPS WILL NOW 9E SLCT.
* C

FREQN4.HýFHZ
PC^ENT=OC

AOFI=AI
AOFP=AF
ZINCH=Z
14CO MP= NIL P'

C
RETURN
END
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SU3POLJIF. RHO Cf-K TUN17E, IJPT SO, P-T)NP'SC,RHOC)

/.C "HIS SU93ROUTII4E CETERMINES IF THE RHO ARRAY IS CCRPECT.
C IF IT !S N'OT TH4 USr-P IS SC. JNFOP.MEO AND THE PF~OGFA4M 1S STOPPED.

C THIS SU3q OUTa-Nc WAS3 -AST CH-A trGO ONý 5) NOVZ?49- P. t1981.

C
C

DATAE NS ICRHON T L/1.E-0 NPS
C

C

DATA Sf'~aLCFt.E PRA3 TRS
C

* C ~~ NPTS SHCLL N L FOI~V AtQTUL,. P
C

IF ( NFTSUL tLT s C sUR. NPTC CIL *;4E 9 N PTS1CL) G0 T C 4
*2 CONTINUE

DO 3 I1=,N P1SUL,1
RHOIrnRFO, (I)

RHOCI=R~-0CC (!)
fKCHECK= A ES(RH 01-RfP-3C 1
IF(RCiIECI< ,GT#. SMALL) GO TO 4

3 CONTINUE
mc

C ALL THE RH~O VIALUES AGREE ;IIT4 THE CORRECT VALUES*

GO TO 7
SCONTINUE
WRITEMINIT9160O ' NP-SI'.,NPTSCL

iiH ,2.6FT'IS IS SUBROUTINE RHOC4K.,/t
21H ,29H4t ERR.OP HAS *3E.N DISCOVEREOD.,/.
31H ,57P1'TE VARIABLES WHIC0 DEF-,NE THE RHC ARRAY ARE NOT CCRrFCT.

* 14 92(1H/)
*51H , 9H tFTSU = 9 riotix,1 9H NFTSC = iiO,-2(H 9/)q

6.-H 9 3 H I l 4f,4Y,3 -4 - 95 X,11l.X 9 X , H R-13 C
5 CONINUE.NLIMlT=NPrS'JL

IF(NLIMIT .LT, NPT.SCL) NLIMIT=NPTlS%'L
!F(NLIMIT .L T . 1) NLIMIT=1

WRITE(IJ 1005 N99r,R-4004 ) RHOC (N)
IC05 FORMAT Q F q,31lXqL12.S,ItllvEl2-6)

SCONTINUE

WR I TE (I'Jt 17910 06)
1006 FORMAT(1ý 9/1

11$ P43HTý:S SUBROUT~IIE WILL NEYTI STO:ý THE PROGRAN.)

7 CONTINUE
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RET URN
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c HI SU3Otj3OUI -ACDS~ OR. WRITAES4, THEPAZIMU t THAL CO F~lCIE'U,

C FO~ ALL THE :5ýHO VAIUES AT ONE Z LEVEL FOP ONE FIELD COVPCtNENT,

IFIP EGUALS TWO -HEN A JP.TTE WILL TAKE PLACE, CTHi PWISF A

C RA Sý4 FCq THE SAKE OF STYLE AND POSSIBLE FUTURE REVISION
.C WHEIN A ;:EAO OPERPTION IS DESIRED CALL THIS SUBROI2CINF WI'H IP.W

C LOJAL TO ONE.

THIS SU3[CU7.N . WAS LAST CHAN~GED ON ?3 OCros,ýR iqi.I

* C
* ~COMPLEi> WAVIEH(t.OIMOA~~XPrS)

-c
I. C 0N T 'N L'

C FOR TIE SAKE OF EFFICIENCY SOME LOCAL VARTABLES IAILL BE SET FOUAL
C TO SOME CF TH'I PAPAM,-iT'--RS.
C

rI IRWL=IRIý
ITAPE2=ITAPEN'

NPT= NPI U
C
C NOW A TEST WILL BE DONE TO DETER~MINE IF A READ OF A W~RITE( c C HAS EEEN REOUESTED.
C

IF(IRWL .EO. 2) GO TO 12
C N IU

C
C A READ :S REQUESTED

READ(ITAFE,1I002) C)M-D
1002 FO.R'AT(29X-oA!0v/v2:-X)* -3 CONTINUE

READ (ITAFE.,jOO3)
* ±03 FORAAT (7EX)

4 CONTINUE
READ (ITA Fa q 0 04) ( 4A VE-:H (I ROW,J COL) v! PO W =iMV3Lv 1) ,JC0L=ivNP- ,)

* 33D' FORMAr(6 (XtEi'.L))
GD TO 15

-: 12 C 0 4T INU Z

C A WRITE IS REOUESTEO
C

-WR:T E (IT APE 9'0 2) CO.P
101.2 FORMAT(C

jI IH ,28 FT F c N -:A.P F I ZL COHPONIýNT IS .,/
21H ,24H.?t F0RMAT(21YAlr,9/,25X))

13 CONTINUE

11H ,48H((WAVEEh(IROW.JCDL),IROW=1,MM3,i),JCOL=;.,d1PTL1,1),
2 27H -- IN FOPZ-A7(5(jX,Et0.d) )

ACONTINUE

WRITE~~~~ ~~~ -.:'AP904 ((AV'*'(L-WJO).TO=tMLltCLINT



Ff 45 CONTINUE
RETURN

"U2
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S UBR OU TI tER HACIR4ITAPENItNIT

I M1A 'PT S qFREQM -iPCE NT,,ZI NCH AOF I AO F
* 2 4M3,NPlUvRHO)

p~C THIS SU""PLTTNE READ.; 3R WRITFS THE HEAGER TO TAPF, ITAPPEN,
C IF IRW -:GUiLS TWO 7H_.N A WRITE WILL -AKE '>LACE, CT*HE.;WT~iS

* C A READ _7S MADE. FOR TFF SAKE OF STYLE ANC FOSSI8LF FLTUP.E
* C REVISIONS, WiEN A READ OPERATICN IS DESIREC A CALL ThIS

o. ScU3ROUT7N WTH !P.W .A)JAL TO ONiE.

C
C THIS SU3FOUT;NL WAS LA3T -HIGE ONOý z~o Ro~ 1991.

C
C

DIMENSION RH-OtNAXPTS)
C
C

I CONTINL'E:

o FOR THlE SAKE OF EFPICIENCY SOME LOCAL VAR1A9LEZ WILL PF .T E QL' A
C TO SOME CF THE PARAMJTERS.

TRWL= IRI%
irTAPE=ITAPi.-N
lUNIT=IiJN37TE
MPTS=VA)P7S
F M HZ=F RE 0 M.H

PC= PPE N'T
ZI=Z1NCH
AI=AOF:

MM3L=MMl3
* - NPT=,NPTU

C
SC OETERHI.NE IF A READ~ OR WRIIE OPERATIO4 IS REflL'ESTF*j.
SC

IF(IRWL .EQ. 2) GO TO 12
2 CONTINUE

'* C
C A READ OFERATION !S RE01UESTED.
C

PLAD (ITAPCi0O2) F*IHZPCIZIAI, APt,.M3LN4PT
1002 FOP AT(3EXt/95(z.XE±C.i,)2(4<,T.1o0) 9,,a5X)

C
C A TEST WILL 3c 'A C~ -0 BE SUPE THAi h AORA~q P1-0, WILL N'-.
C B3E CL3B9EPEO 3Y THE N~EXT RE-AD.
C

IF(MPTS LTI* NPIT) GO TO 5
3CONTINUE

REA0(ITAF%,vl633)
1083 FORIMAT (47X)

-CC'T IN L'E 
TRFAO(TAFEj64' NP7,4)

1004 FORM1AT (4 (1X\,ý:t.4)

C BEFORE SUBROL'TIiJE RETURNS THE "ARAtAETERT FPEOMH1 FCEtNT,
C ?ýCHI A4CF', AOFPi M'!3, ANDi NIPT11 WILL ?E" SET EQUAL TO "H
C VALUES PEAD FOR F'2-iZ, PC, ZI9 Al, APt 'IM3L9 AND fPT CE-SPECTIVELY9

yC
FREOMH=FkH7



ZINCH=Z I
AOFI=A I
AOFP=AP

( NPTU=NPT
GO To 11;
CONT INUE

c AN ERROP HAS SEENi 91SC3VERED.

WRIT(I(JIT,1005) RWLtFM'HZ,PC,7`IAI,,l?t ,?3L,MTS*,F~.T

tI' Ht261T--FTS IS FURRO IT IE RWHEA0, ,f
21H t2mM" f.FRRP. HA'S KUEN DISCOVFR.Er.,,,
31H 955t:T-E7 NUMER OF P-HO PCTNTS IS LARGEP T&'AN TFF AlRAY, PPjJ-.t
4 2(H ,/)t

61H ,9H FtýE CN= ,E15.),5Xq,9P POENT=,Eo9/
71$ ,9H ZINCH E599/
81H ,9H I!CFI = ,Cj-5o9,5X,9H AOFP=
91H ,9H .*34 =ii 915 5,9lnMAXFT3 = 115 i
01$ t9H N'P" = ,115 92(IH 9/),9
11H 942H7i-IS SUBROUlI'4' WILL NOW STOP rHL. :P.OGRkt)n STOP

:2CONT INUE

c A 14RITE CrIERATICN 15S REQUESTED*
C

102WRITE(ITAPE,1012) F4-IZ,PCZIA:,tAPtHW'3LqNPT
102F RM A T
11$ ,37PFREOMH, PCENTtUNCHiAOFI,AOFP#MM139NPitUt/I
2 5 ( iH ,i F-10),42 (i 1,I10)/

K31$ 9 144HIt FO4A (30/) "., " 2ii)/4Y
13 CONTTNL'E

WRIrTE(I-10i.,19u3)
* 1013 FORMIAT(

11H 46H(FHO(r)vI=l,N'-Uql) '--- IN FOR,'MAT(4(lXE~o.4fl )
14 CONTINUE

WR~IE(ITADE,i140± (P0iOCI) ,T=.,N0Tq1)

1014 FORMAT(4C1o 9ElC*4))

KET U P.N
END
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S US R0JITINE RWiW.Z (IR 4ITJA PENJ,I1UNIT E
1I MA :P 7SIF RE 0M H, PCEN, Z I NC H, 40F I A 0 F
2 lM~dJPTUvPI4O. MOIM,"IAVEE-I)

C THIS S'.'1'FOUTINF Al.:)NG WITH :TS TRE-E 'IEADS OR WfýITES THE
*:2C INFORMA.ION ON TrAP't, TrAPENt COPICFRPITNrG THE INCIGEI\T ULANE
C WAVE AND Tll'- AZ2!1UTH.L GOOEFFIC:'ENTS FOR ALL -HL RHO0 VALthl'-
C Ar THE Z ZLEVELt ZIENCH. lF IRN- EQUALS TWO THF-N A WFITE W LL

-: TAKE PLACE, OTHERWISE A READ T.- MA0CE* FOR THE SAK(: (F STDLE
C AND POSSIBLE FLJTURz" REVISI-ON WHEN' A R'ADO CPFEATI:CI IS DESIRED

_ C CALL ThIc. SVW.CCTINE WITH IRW EQUAL TO ONE.

C THIS SL'3ROUTINE WAS LAST CHAtGED ON4 25 OCTOBER 1981,
C

COMPLEX %WAVEEH(MOI9,MlAXPTS,6)

DII?'ElNSIGN RHO(MAXPTSI,C'OMP--t4(6),CO'4PWN(6)

C

C THE ELEMEN~TS OF T'tE AR'ýAY COPPIAN STOPE TI-E NAME CF EACI- CIELO
C COMPONENT,
C

DATA COVFWN/13I--FPHI ,10WERHO t13HEZEE
1 10 Hf-PH I ,1CHFIRHO vl13HHZEEI

C

C . C0N4T IN LE

C
C FOR THE SAKE- or EFFICIENCY SOME LOCAL VAF'IA9LCS WILL '-3 SET EQUAL
C TO SOME CF THE PARAMETERS*
C

IRWL=IP1ý
* -, ITAPE~ ITfPEN

MPTS~t4A> DTS
F MHF'FR E 0111

PC= PCE NT
Z IN'L = 214 NCh

AI=AOF I
A P=AOF P

M 13 L= M1 Il
NPTUL 1%P.T
MD IML= V11 11

?CONTINUE
C
C THE. HEA[ONG WILL NCW R PLAO OP. PRTTrEN. 3SL'OL TIN-E :RW14EAD
C WILL PERFORM TH-S TA3K.

*C
CALL RWHEADUlRWLITA'E,:'UNIT,

A '1PTS39,F1tl,PrC, Z1NL,A:,vAP,
*2 '1I13L9 ;ý'TjLtRHO)

C
C A TEST 14ILL 3E T~EiO BE SUPE THAT THE FIFST DImEN'SbON CF:
C THE AP.RA), WAIVEF~t IS LAPSGE ENrOULGH.

IF(MM3L *GT. 3 .AN). MM3L .LEa mIDlML, 'GO TO .

3 CONTINUE



a' -w~ - W

C
C AN EF.ROR HAS 9EEN OSCJERED,, SC THE USER: WILL BE INFOR.'hED
C AN) THE FROGQA.t¶ STOPDED,
C

14RITE(ILýIT,!063) IP'4LITA'rEMFTS, NPrUL.,F1HvpCA!,Ap,ZItJL,
MM 3L iMD I HL

* j 1903 F0R.4ATQ 1~1,2 (tH ,),
*i1H 9 26HTFIS :S S1,18-'.ITINE FWIW'Z. v',

21H t52$FT-E NUMBER~ OF AZIPHUiHAL COE-FFICIENTS FOR 6HE CE\T09/9* ~31H #52HZ LEVEL SHCP.iLfl) BE POS-T:VE q(:T LFFS TYAt% CR Er)UA O/
*1141 , 5 3$ FIH DtE~O F THE A ROA Y WAVEFF s THTZJ IS NCT./v

*51H , 3HTF.E CASE.92(iH ,)
61,H 9 9H 1I"", = 9 1.1 ,1 iX 9H:"TA PE 1 = ,I~ I U /
71H , 9HMAXPTS = 1t ,1 IIx 9$ N P'.U , It0 q/~
!31H , 9HFF.EQMH = E10.49 tX 9 H P CEN CE1OL,4
91H 9 9H AOFT = ,E 10. 49 1 X, 9$9 AOFP =9E1
01$ 3 H Z INCH /-

1Hv9 H MN3 = v1410 1 IX, 9H MOIM = 110 2 (!H v/),9
21H * 42 FTIIS SUBROUTINE WILL NON' STOP THE OROGRAM.0

4 CONTINUE

C A TEST WILL 3E DONE 70 OE~MNEIF R ~EA) 0c A NiIT
C HAS PEEN PEQUESTED.

F~c
IF(IFWL *,Q 2) GO TO 115

5 CONTINUE
C
C A REA0 OF:-RArIOV HA~S BELN REOU-'iS7E0.

C NOW THE AZIMUTHAL COEFFICIENTS FCR EACH COMPONENT OF THE
C N14ER FII;'LO WILL 3E R5.AD. THE R":P:ATED CALLS TO SLBPOUTINE

C RWCOMP -lER OMS THrS TASK.

DO 6 ICcfl 0=l,6vl
CALL RWGp FWIAE OPN( C4)01IL4T ML PU

* 1 WAVEEH(1.,ItCOI1P))
CONT IAUJ"

C
C THE COtPPCNENTS SHrOJL'J HAVE 8EEN PEAD IN THE ORCFF TFA't 'THEY

C RE L? T O !N ,P,-:RAY v COMPWN.

00 7 ICOýP=1,691
* IF (CC4P':h(ICOAP) .1c1. v^O14PiWN(lCCO1P) ) GO T) 8

7 CONTINUE
C
C TH- PAR!hýETC-RS FR ,')4PZEN4TZI.JCHA0FIAOFPimý3,A'ND tNPTtI WILL BE

*-c SET EQUAL TO THE VALZLES READ F-- MPTSF:MHP'CZ2NLAIAPr3L, AING
C N.PTUL FESPECTIVFLY.

* Pý,ENT=PC
ZINCH=ZIN4L
AOFI=4!
AOFP=AF
MN-3=?MT.3L

NPTJ= N.P TUL'
GO TO0 17'

3 CONTINUE

C AN ERPOR P~AS 3EFN4 ,.;.VEPED. THE "CCPOWNFNS WERE NOTr 9FtC
* NTHE CA~t'R E YP---C T~ T H 6 USEF WTL -E! IFRE[ A!4D ThEt.

- *. -i.L RE SO IN C-- - - .



C THE PROGRAM ST 0PP ED.

WRITE( :hIT,!. 06e :F 4L9 I TAPE t-irTS, ýPTULFt F-- C,A ItAP, Z1.1.1

100 FRMAT t1F1,2 (Vi ,/) ,

11 ti ,26FTF IS IS SLVZO-JTINE i4 Z t
21 vlHTf-E C0?IPC^Na`.*4; WERPE NOr RIEAO IN TF- &EXPL.CTED CRCEt.,t

3 2(18. */),p
41H v 9H 1Rd 11i0 911X-w 9HITAPEN =1110 1/,
5jH ,9HMAXPTS v ,110 ,1iX, 9H rNPTU IO ,,

*618 , 9HFFEQMH = 9 E!3.4,11)(, 9H PCEIJT v EiwO.L,/,
714 9 9H AOrI = *EiG,4,11Y~, 9H AOFP =ti*91

018 9H IM M3 = sIIC ,±1>~ 9H 4D018 9110 ,(!H4 9/),9
11H 3H I iX1X~4HEXPECTED 0R0E".,1K,1C.HORrDER REAt)

9 CONTINUE
00 l0 1=1969,
WRITE(IUINIToi30CIoC0MPWN(I),CUMPRN4(1)

13 CONTINUE
WRITE( Il4I,ý1713 10)

1019 FORMAr (2 (18 /)s

11±H 942iFTFS SZJBFOUTINE WILL NO'-1 STOP THE :'ROGPAf.)
t STOP

15 CONTINU.E
C

*C A WRITE CPERATION sAl REQUJESTED,
C

* 0046 IrC!.'P=4,6*i
CALL RWCCi"'P(IRWLITA:'ECOMPtJN(ICOMP),M3Ir'L,,MPTSOtM3L,NP'iJL,

15CONT INLE WAVE 0"P

17 C0NTINLE
RE T U.R

i -a
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SU3ROUTIýE TCH ECK( (UITh~E ,FMHZW. FMHZGt ýýCENTW 9 ICE NIG)

C

c ~THIS SU3ROUT4Ifr4 CCMlPAREr FMHZW TO FVi-'HZGi AND FCENTW 70 PCENIG,
c ~IF 30TH CCMPA':ISONS -41R7 CLOSE THEN THIS SUBROUTINE PE=TUIPNS TO

C THE CALLING SUBPP.CCAM. OTIIEPWISE IT SO I4F0PMjS THE UJSER AND
C THEN STOPS 'HE PROGRAN.
C

9 C THIS SlUBR9OUTINE WA3 LA&)T CNAI\GED ON NOVEM91ER ij'81,
* C

C
DATA St 4ALL/i.E-31/

C
C

*I CONTINUE
C
C FCR THE SAKE OF EFPICIENCY SOME LCCAL VARIA9LES WILL PE SET EQUJAL
C TO SOME CF THE PARAMIETERS,

IUNlT=IU1.ITE
FW=FtFZW
FG=Fn'f-ZG

PCW=PCENTW
PCG= FCEtITG

2 CONTINME

C NOW THE (OMPARISIONS WILL BE MADE*
* C

A5SFD=AES(FW-FG)
IF( ABSFE *GT, SMALL) GO TO 5

3 CONTINUE
ABSPCD=AE'S(PCW-PCCG)

* IF( ASSPC( .GTo SMALL) GD TO 5
4 CONTINUE

p ~ G T~Or6
5 CONTINUE

WRITE(IUN:T~to105) FW,PCW, FGPCG
- 1005 FORMAT (!1-I./,

IiH 926HTFIS IS SUBROUTINE TCHECKo,/v
21H *29HMt ERkO~'t HAS 3EýN DISCOVERE-D.,f,
3 IH ,47HTFE F:REOLENrCY OF THE INCIDENT PLANE WAVE CP. THE9/,
41H ,49tHPERCENTAGE OF WATER CONTENT IN THE SOIL READ 'FRDH.,/,
51H 951HTFE F.LE WITH T14E AZIMUTHAL COEFFICIENTS IS NOT THE9/,
61H ,45'HSAfHE AS WHAT 7HE USER SPECIFIE:) IN THF INPU7992(lF 9/)t

-71H t 17 Xv2Xv2 < 12H FREO'UEN CY I N,?2X ,? X,9IX I3HP-?RCL NTA Gr OF,/v
81 H 917X*2X93X~t6PHE6A HERTZ93X-,2Xl,±Y4±3HWATiER C(ThTEN4Tt/,
91H ,I7HS .FECIFIEE UY JtSER,2XtlX, El4. 8,tiX, 2X,1XEIl..8 /i
DiH ,i17H IN TH, FIL- ,2XviXEi4.3,tX,2,ilyEI4.8,2(jri 9/)'
11±H ,L3ITI-IS 'SUBPOU'*INE WILL NEXT STOP THE PROGRAH.)
STOP

6 CONTINUE

L C THE FRLOLUNCY AND TH:- PERCENTAGE AD,[ ASDSR.

R E t U RN
EN)
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LSUMRUTINE WAZIC( IL'NTTOWlCIMR-iO,IrFLAG, MUSED,
i M,AGFI,A(,FPZ:NCHvCO4PNJ,lC OIPIN2, A ZTC)

( c THIS SU390UTINE' WRýT .S To UNIT9 ILINITO, F)R ALL Ttl%* " ~H0V '/L ES,
C ONE CF TI-E USER, SlF.C:FTEo SETS OF AZIHUTHPAL (ýOE.FFICIEt!TS* IF
C IFLAC EQLALS ONE TA~E COEFF7ICIE.NTOS ARE OF ONE Oý THE COMPONENTSI
o OF TFE _SCAT7T-r-EO ELECTRIC FI~LC. IF IFL4G DOOl-S NCT El'UAL ONE Tl-4ý

C TH C3FFICEEN~ AE OF TiE PRODUCT OF ETAO AND ctECFTH
C COMPOp4ENlTS OF TH-k SCA4TVER 0 MAGNETIC FIEL3.
C
C THE CA LL NG SUSPZRCGFAM IS P.ESPCOJS13LE FOP A CONSISTENT SCTTING OF

'wlc THE PARrdETERS IFLAG9 COMPNt IND vrO'IPN2e

C NOTE NO ERROIR CHECKIN4G IS PERFC.R,,FO.

C

-C IS SUITAELE ro EE PRINTED ON A LINE PRINTER.

*C
0 THIS SU3RCUTINE WAS LAST CHANGED ON 4 .4 JAIUAr-V i982,

*C
C

r ~COMPLEX A ZIC (HO1IM 16)
C
C

*DIMENS ICN RHO (lE 9 1(MUSED)
C
C

I. CONTINUE

c FOR THE -'AKE OF F FFICIFNCY' SO.Mz LOCAL VARIA13LES WILL 9ý7 SET ý-VUAL
C TO SOME CF THE PARAMETERS*
C

i'UNIT=;L NITO
* IJFLAC-L=IFLAG

MT OT AL flL SE0
CNA MEl=CCfPNl
CNtA~ME2=CCM'Pt,2

C
IF(IFLAGL *N~f j) G-0 TO 3

C
2 CONT INUF

C
6R:ýTE(I:r W W 0C2) I-NAME I

1002 F~ORMAT(:I-1,/,1H ,p57(,PA5)
C

*1 ~' GO TO 4

C
3 CO0NTI1NLV't

I% CT(1 T J03 NK

1033 FORMAST QI,/,IH 95'4.XAlo)
C

SCONT IN4L'E

c WRITE(IUIý:T,11001.) AOFItAOFP,ZI'ICH

* 1034FOMT
JJH v30X,5IW11HF JANGLE OF INCIDENCE OF THE PLANE WAVL: I N rýEGRE F S
2 -,l.'S vsF4.1,/,
31H 930X,5~)iT-E POLARIZATION ANC-Lr: OF THE PLANE WAVE fN DEGRFEES.z

PA_1



4 ~4H IS ,F4.1.s/,o
518 v2.1Xvý.-.HlHE SCATTER'ED FIELD TS EVALUATED ABOVE TH;: GPCLNO A,

62.3H J)ISTANCL ' ICE OF ,F3.1,2C1H t/))
C

IF( IFLAGL *NE, I) GO TO 6

C

WRITE MIUN :T, 1095) C'NAI1E:2,CN\AtE?,CNIAM'2, CNAM1:
105FORMIAT(
liH 933IKFE- AZ1INTPAL. COEFFrCIFNTS OF THEqA6 L2i-;CCMPONF.N- OF,
2 43H li-L SCATTERED FIELD AP.Rr LIST-.-9 UNO:R THEIR,
3 23H CORRESPOND:NG VALUE OF, /t
41H ,46HP1-O IN 6NITS OF VOLTS PER METER. TO OBTAIN' !HK,A6,
5 3SHCCrVPONENT OF "ýHE TCTAL FIELD 40O THEA6vl2HCGPPCNENT CF,
6 13H 114,E INCIDENT,/,
71H tl3HFIELD AND THý,A505HCOMPOt4ENr OF THIE FILL[ SC.ArTEqEG :lY9
8 50H IHE AIK GROUNJD INTERFACE TO THE SUHJf OF TrE SERIES9
9 i1H CEFINED BY,/,
OjH t56HTHESE AZIMUTHAL0 COEFFICIENTS. THE IIAGNITUCE W4ILL TH.FN BE,

57ARALZOFRANICJN PLANE WAVE hAVING AN ELFCTRIC.
2 614 FIELD,/v
31H ,22HOF ONE VOLT PER METER.)

C
r7 GO TO 7

C
6CONT INUE

C
wp.irE( U ý IT91.0C E) CNAME 2,CINAME2 CNA ME2,9CNAME7

10FORMAT(
11Hi ,S3HTI-E AZINUTHIAL COEFFýCIENTS OF THE DrOOUCT OF cETAo (IN,
2 14H CHhS) AND THF,A6,36HCO~rFONENT CF THE SCATTERFD FIELU FAREI
I 7H LISTED,/,
4HI ,56HUtOEP. THEIR CORRESPONDING VALUE OF RHO IN UNITS Oc VOLTS,

5 25H FER METER* TO OBTAIN T-iE,A6,22HCONIPONEtT OF THE TOTbAL,
6 1.08 FIhLL AOD,/,

* 714 , 3HTIFEvA6,39HCcJMýoNENr OF THE INCIDENT FIELD AND TFEPAF*
8 53HCfCMPONEN7' OF THE FIELC' SCATTERE" BY THE AIR GROUND,
9 13H INTERFACE TO,/,
O.'H ,5ihTI-E RATIO OF THE SUM OF THE SERIES DEFINEr RY TH4ESE,

± 57H AZIMUThAL CO':FFICI'iNTS AN4D ETA (IN CHrIS), THEMG'IUE
2 ioH 6'ILL THENif,

DOL ,501eE NORMALIZED FOR AN INCIDENT PLANE WAVE 1-AVING AN,

II=P3I (1-)f+

WRITE(IUNIT91OG71 ;ZHOtl:),RHO(:IPI),RHc(IIP2),kHO(IIP.3)
J007 FORMAT (2 (.F 9/,)9

L 11H , 7Xv9HAZIML1il4-...,4(29 s6tRHO =,F4* It12-I CENT ItýE'fERS) t/v
21H , 7X,'38 ORDiP ,4(?X,3y,4kZE:-AL,3XPIXtaOHIP.AGINAPY tly))

i CONT INLUE
C

00 9 IM=1,NTJTAL9±

* AZIC (I'4,1P3)



" " 1301 FORMAT(I ,7X,3X, I2,L)(X4(2),2(S*.1Om1,i )))
c

9 CONTINUE
C

10 C 0 NT VW

RETURN
END

r

-.
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Appendix III

Table of Symbols

S, i Electric field vector of the incident plane wave

E! j component of the electric field of the incident
,. plane wave, where j = x, y or z

H Magnetic field vector of the incident plane wave
H! j component of the magnetic field of the incident

' plane wave, where j = x, y or z

-P Electric field vector of the primary field
LEP • component of the primary electric field, where

' x, y, z, p or ¢

i.. Magnetic field vector of the primary field

Hp c component of the primary magnetic field, where
c = x, y, z, p or @

Ys Scattered electric field vector

SE component of the scattered electric field, where
= x, y, z, p or

R-s Scattered magnetic field vector

Hs C component of the scattered magnetic field, where

=x, y, z, p or

- -E total electric field vector

E C component of the total electric field
- x, y, z, p or

H total magnetic field vector

H • component of the total magnetic field
- x. y, z, p or *

* •I First Azimuthal potential

L2 Second Azimuthal potential

"e base of natural logarithm

-88-

, .. .. . , . , , : .. -.• . . - .- . .: * . . •-



SL

0 o permittivity of free space

:£Ee Relative dielectric constant of earth

Sm Relative dielectric constant of land mine

C. imaginary part of a relative dielectric constant- 1

Cr real part of a relative dielectric constant

tan6 Loss tangent of a dielectric material

a •attenuation constant of a dielectric medium

ik wave number of free space

propagation vector

no,ETAO intrinsic impedance of free space

X" free space wave length

"" f frequency

c speed of light

p reflection coefficient, parameter of cylinderical coordinate
system

Z-L analogue for arth of transmission line load impedance

z L analogue for earth of intrinsic transmission line impedance

Re{.} real part of the bracketed expression

I -I-{ imaginary par.t of the bracketed expression
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